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On  the  EXPERIMEXTS  with  the  PERKIXS  MACHIXERT 
OF  THE  STEAM  YACHT  "  AXTHRACITE." 


By   Chief-Engineer   Isherwood,    United   States   X^avy. 


The  Anthracite  i^?  the  Britisli  steam  yaclit,  8G  feet  4  inches  long 
hetween  perpend icuhirs,  16  feet  1  inch  greatest  breadth  of  beam,  10 
feet  2  inches  depth  of  hold,  and  9  feet  mean  draught  of  water,  tliat 
made  a  brief  visit  to  the  United  States  during  tlie  last  summer  for  the 
purpose  of  exhibiting  her  machinery,  which  is  constructed  according  to 
the  system  of  Mr.  Loftus  Perkins,  and  embraces  some  novelties  of 
mechanical  detail,  as  well  as  the  use  of  steam  of  higher  pressure  with 
greater  expansion  than  has  ever  before  been  employed.  The  engine 
drives  a  2-bladed  screw  of  6  feet  1  inch  diameter  and  9  feet  pitch,  and: 
is  peculiar  in  the  cora|)ounding  of  its  cylinders.  The  arrangement  of^ 
the  tubes  of  its  surface  condenser  is  also  peculiar,  and  the  design  of 
the  boiler  is  liUewise  new. 

The  superior  economy  of  fuel  claimed  for  this  system  is  intcnc<l 
from  the  exceedingly  high  steam  pressure  employe<l  and  the  verv  great 
measure  of  exi)ansion  with  which  it  is  uschI,  both  beinjr  larirelv  in 
excess  of  any  previous  practice.  And,  witii  the  view  of  giving  the 
fullest  effect  to  the  expansion,  provision  is  made  in  the  boiler  for  hi^ddv 
superheating  the  steam.  In  other  words,  the  system  of  Mr.  Perkins 
Whole  No.  Vol.  CXI.— (Third  Series,  Vol.  Ixixi.)  1 


2  Ishenoood — The  Perkins  Engine.     [Jour.  Frank.  Inst., 

is  an  attempt  to  realize  practically  the  gain  in  economy  inferable  theo- 
retically from  the  use  of  steam  of  higher  pressure  than  heretofore 
employed  and  with  a  measure  of  expansion  correspondingly  greater. 
On  these  two  hang  all  the  law  and  the  prophets  of  this  system.  ^  There 
is  nothing  new  in  either,  the  system  of  Mr.  Perkins  being  merely  an 
extension  of  what  has  been  in  progress  for  many  years.  It  embodies 
no  new  principles,  but  only  endeavors  to  give  those  previously 
employed  a  more  extended  application  by  means  of  mechanical  details 
better  adapted  for  that  purpose. 

The  steam  is  generated  from  water  distilled  from  fresh,  water ;  and 
the  wastage,  inevitable  in  any  case,  is  supplemented  with  water  dis- 
tilled from  fresh  water  carried  for  that  contingency,  water  distilled 
from  sea  water  not  being  considered  sufficiently  pure  for  use  with  this 
system  of  machinery.  The  distillation  is  elfected  in  a  separate  vessel. 
No  lubricants  are  used  in  the  valve  chests  and  cylinders,  but  a  bronze 
of  peculiar  composition  and  manipulation  in  manufacture  is  relied  on 
without  lubrication  for  the  material  of  the  rubbing  surfaces  of  the  steam 
valves  and  pistons,  and,  as  the  cylinders  are  vertical,  the  water  lubri- 
cation, which  in  the  engine  of  the  Anthracite  was  excessive,  in  con- 
junction with  this  bronze  appears  to  be  sufficient  to  prevent  abrasion. 
Experience  with  horizontal  cylinders,  or  with  those  having  but  a  slight 
water  lubrication,  might  not  be  so  satisfactory.  The  manufacture  of 
this  bronze  is  a  trade  secret. 

Whether  any  gain  in  economy  over  the  best  existing  practice  can  be 
obtained  by  employing  steam  of  higlier  pressure  with  greater  expan- 
sion is  a  question  to  be  answered  by  experiment  only,  like  any  other 
question  in  physics.  It  cannot  be  answered  inferentially  from  an 
abstract  consideration  of  the  properties  of  steam  of  high  and  low 
pressures,  or  from  the  gain  due  to  the  laws  of  expanding  gases.  The 
question  must  be  directed  to  Nature,  who  alone  is  competent  to  give  a 
correct  reply,  and  it  must  be  put  in  the  language  of  experiment  under  the 
precise  conditions  in  which  the  steam  is  to  be  used,  so  that  the  modifi- 
cations effected  by  the  material  of  the  mechanism  and  by  its  mode  of 
action  may  be  included  in  the  final  result. 

Only  two  experiments  have  been  made  with  the  machinery  of  the 
Anthracite  to  the  knowledge  of  the  writer ;  one  in  England  on  the 
22d  of  May,  1880,  by  Mr.  F.  J.  Bramwell,  an  expert  employed  for 
that  purpose  by  the  Directors  of  the  Perkins  Engine  Company,  whose 
report  to  them  was  reprinted  in  the  September  number  of  this  journal 


Jan.,  1881.]  hhevwood — The  Perkins  Enr/ine.  3 

for  1880;  the  other  was  made  by  order  of  the  Xavv  De|)artment  on 
the  lotli  and  14th  of  August,  1880,  l)y  a  Jioard  of  Cliief  Engineers 
of  the  United  States  Navy,  presided  over  by  Chief  Engineer  Loring. 

The  results  of  the  two  are  widely  discordant.  From  tlie  very  able 
and  complete  report  of  Chief  Engineer  Loring  to  the  Bureau  of  Steam 
Engineering  of  the  Navy  Department  I  have  taken  freely  all  the 
facts  and  calculations  reproduced  in  thispajjcr;  and  in  a  succeeding 
one  I  shall  give  the  eorresj>onding  data  and  results  of  Mr.  Bramwell's 
experiment,  similarly  arranged,  the  facts  of  which  cannot  be  found  in 
his  report  as  printed  in  this  journal,  but  which  the  writer  hits  obtained 
from  authentic  drawings  of  the  machinery  and  from  the  indicator  dia- 
grams given  in  a  supplement  to  that  report  to  the  Directors  and  repro- 
duced in  their  lithographic  copy  for  distribution. 

Before  giving  the  data  and  results  of  the  experiments  it  is  necessary 
to  preface  them  with  a  description  of  the  machinery  with  which  and 
the  manner  in  which  they  were  made. 

Engine. 

There  is  one  engine  of  the  vertical,  direct-acting,  inverted  type,  with 
three  coraj)ounded  cylinders  of  different  diameters  but  same  stroke  of 
piston,  the  first  two  being  single  acting  and  the  third  double  acting. 
The  first  or  smallest  cylinder  is  placed  immediately  above  the  second 
or  next  largest  with  their  axes  is  the  same  vertical  line.  The  third  or 
largest  cylinder  has  its  axis  parallel  to  the  axes  of  the  first  and  second 
cylinders,  and  is  situated  forward  of  them  relatively  to  the  vessel. 
The  axes  of  all  the  cylinders  are  in  the  vertical  plane  passing  length- 
wise through  the  centre  of  the  vessel.  The  casting  of  the  first  cylin- 
der forms  also  the  top  cover  of  the  second  cylinder,  the  bottom  of  the 
first  being  open  to  or  in  common  with  the  top  of  the  second.  The 
pistons  of  these  two  cylinders  are  connected  by  a  casting  of  nearly  the 
diameter  of  the  fii'st  cylinder,  and  the  space  between  the  pistons  is  in 
<'ommon  with  the  receiver.  The  first  cylinder  receives  into  its  top  the 
steam  direct  from  the  boiler,  and  its  piston  makes  a  downward  stroke, 
at  the  end  of  which  the  steam  is  exhaustal  through  a  connecting  pipe 
of  G"4918  square  inches  cross  area  and  29  inches  length  direct  into  the 
bottom  of  the  second  cylinder,  whose  {>ist(Mi  makes  the  return  upward 
stroke.  From  the  second  cylinder  the  steam  is  exhausteil  into  a 
receiver  from  which  the  third  cylimler  is  supplied  alternately  at  top  and 
bottom  ;  this  last  cvlinder  exhausts   into  a   surface  condenser.     The 
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engine  thus,  in  effect,  acts  like  an  ordinary  compound  engine  of  two 
cylinders  with  an  intermediate  receiver. 

The  peculiar  arrangement  or  combination  of  the  fi^st  and  second 
cylinders  is  for  the  same  purpose  as  the  compounding  of  the  two  cyl- 
inders of  an  ordinary  compound  engine,  namely,  to  lessen  the  initial 
pressure  on  the  crank  pin,  and  to  reduce  the  cylinder  condensation  by 
making  the  sum  of  the  products  of  the  difference  of  the  temperatures 
due  to  the  extreme  pressures  in  the  c^dinders  by  the  inner  surfaces  of 
the  cylinders,  less  than  in  the  case  of  a  single  equivalent  cylinder 
giving  the  same  mean  pressure  with  the  same  boiler  and  final  back 
pressure  and  the  same  measure  of  expansion.  It  is  merely  a  further 
extension  of  the  principle  of  the  compound  engine,  being  the  same 
thing,  ouJy  more  so. 

The  first  cylinder  has  at  its  top  two  double  beat  valves  of  the  Cor- 
nish type,  one  for  admitting  the  steam  and  cutting  it  off  when  a  por- 
tion of  the  stroke  of  the  cylinder  is  completed ;  the  other  for  exhaust- 
ing it  at  the  end  of  the  stroke  into  the  second  cylinder.  This  exhaust 
valve  of  the  first  cylinder  is  thus  the  steam  valve  of  the  second  cylin- 
der. The  second  cylinder  has  only  one  similar  double  beat  valve  and 
it  exhausts  the  steam  from  the  second  cylinder  into  the  receiver.  The 
third  cylinder  has  an  ordinary  three-ported  slide  valve  with  an  expan- 
sion slide  upon  its  back,  the  latter  being  worked  from  a  prolongation 
upwards  of  the  circulating  jjump  rod.  The  valves  of  the  first  and 
second  cylinders  are  worked  by  two  eccentrics  and  a  Stephenson  link 
placed  at  one  end  of  the  crank  shaft.  The  valve  of  the  third  cylin- 
der is  similarly  worked  by  two  eccentrics  and  a  Stephenson  link  placed 
at  the  other  end  of  the  crank  shaft.  The  reversal  of  the  movement 
of  the  engine  is  effected  by  these  links. 

The  Cornish  valves  are  directly  moved  by  lifting  rods  which  rise 
and  fall  vertically,  and  wliose  upper  end  fit  loosely  into  close-topped 
sockets  made  in  the  valves  themselves,  so  that  after  the  latter  are  seated 
the  rods  can  recede  from  them.  Cams  working  in  yokes  made  in  the 
lifting  rods  control  the  adjustment  of  these  valves,  whose  upper  faces 
are  divided  into  two  sections. 

The  cylinders  and  their  covers  are  steam-jacketed  in  a  peculiar  man- 
ner. Coils  of  wrought  iron  pipe  being  properly  placed  in  the  mould, 
the  metal  of  the  cylinders  and  covers  was  cast  around  them  and  they 
thus  became  imbedded  in  its  centre.     The  water  of  condensation  in 
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tlie  jackets   wjts  delivered   into  the  eondeiirser.     The  exterior  ot"  th<' 
oyliiiders  and  their  covers  was  efficiently  higged. 

From  the  bottom  of"  the  piston  of  the  second  cylinder  there  pro- 
<;eeds  a  piston  rod  whose  lower  end  is  secured  into  a  crosshead  moving: 
between  guides.  From  the  cross-liead  journal  the  connecting  rod  con- 
tinues directly  to  the  crank  pin.  From  the  bottom  of  the  piston  of 
the  third  cylinder  there  j)roceeds  a  piston  rod  whose  lower  end  is 
secured  into  a  cross-head  moving  between  guides,  and  from  the  journal 
of  this  cross-head  a  connecting  nxl  proceeds  directly  to  the  crank  pin. 
The  crank  shaft  has  two  crank  pin  journals  and  four  main  journals. 

The  areas  of  the  pistons  of  the  three  cylinders,  exclusive  of  their 
rods,  have  the  following  projxjrtions :  Calling  the  area  of  the  piston 
of  the  first  cylinder  1  "00000,  the  area  of  the  piston  of  the  second  cyl- 
inder is  4*26212,  and  that  of  the  third  cylinder  is  17*2()179  including 
both  sides  of  the  i)iston  as  the  third  cylinder  is  double  acting  while 
the  fii*st  and  second  cylindei's  are  single  acting. 

In  the  first  cylinder  the  steam  is  used  for  about  the  first  half  of  the 
stroke  of  its  piston  without  expansion,  and  during  the  remaining 
half  expansively.  In  the  second  and  third  cylindei'^  the  steam  is 
wholly  used  expansively,  the  cut  off  valve  of  the  third  cylinder  act- 
ing only  as  a  throttle  valve  to  increase  the  back  pressure  against  the 
jjiston  of  the  second  cylintler. 

The  circulating  pump  supplying  the  refrigerating  water  to  the  con- 
denser is  worked  by  a  lever  articulated  to  the  piston  rotl  of  the  third 
cylinder,  and  the  air  pump  is  worketl  by  a  similar  lever  similarly 
articulated  to  the  piston  rod  of  the  second  cylinder.  The  fml  jtump- 
and  bilge  pumps  are  worked  by  the  cross-heads  of  the  circulating 
pump  and  of  the  air  pump.  All  the  ])umps  are  verticiil  and  single 
acting. 

The  surface  condenser  is  composetl  of  galvanized  wrought  iron 
tubes,  one-half  of  which  have  an  inner  diameter  less  than  the  outer 
•diameter  of  the  remaining  half,  so  that  those  of  the  smaller  diameter 
•can  be  placed  within  those  of  the  larger  diameter  and  leave  an  annular 
space  between  when  the  axes  of  both  coincideil.  All  the  tulxs  stand 
vertically  and  arc  arranged  in  {tail's,  a  smaller  and  a  larger  diameter 
tube  constituting  a  pair,  with  the  smaller  placed  concentric-ally  inside 
of  the  larger.  Thus  one-half  of  the  tulx's  having  the  sjune  diameter 
are  outer  tubes  and  the  remaining  half  having  the  s;ime  diameter  are 
inner  tubes.     Tiie  outer  tubes  have  their  upper  end  closed  and   their 
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lower  end  open  and  .screwed  into  their  horizontal  tube  plate.  The 
inner  tubes  have  both  ends  open  and  are  screwed  by  their  lower  end 
into  their  horizontal  tube  plate,  which  is  directly  beneatji  the  first  tube 
plate.  The  upj^er  open  end  of  the  inner  tubes  is  within  a  very  short 
distance  of  the  upper  closed  end  of  the  outer  tubes.  The  refrigerating 
or  injection  water  is  forced  by  the  circulating  pump  up  the  inner  tubes 
and  thence  into  the  annular  space  between  the  inner  and  outer  tubes 
down  which  it  descends  and  passes  overboard. 

All  the  tubes  are  surrounded  by  the  condenser  shell,  which  forms^ 
with  the  two  tube  plates,  three  compartments — one  above  the  upper 
tube  plate,  one  between  the  tube  plates,  and  one  beneath  the  lower 
tube  plate.  The  upper  compartment  receives  the  exhaust  steam  from 
the  third  cylinder,  which  steam  surrounding  the  outer  tubes  is  con- 
densed on  their  exterior  surfaces,  the  water  of  condensation  trickling 
down  to  the  upper  tube  plate ;  this  compartment  communicates  with 
the  air  pump  which  drains  it.  The  lower  compartment  receives  the 
refrigerating  water  from  the  circulating  pump  and  distributes  it  to  the 
inner  tubes.  The  intermediate  compartment,  or  the  one  between  the 
tube  plates,  receives  the  refrigerating  water  from  the  annular  spaces 
between  the  tubes  of  each  pair,  and  passes  it  to  the  outboard  delivery 
valve. 

This  arrangement  of  the  tubes  is  exceedingly  compact,  makes  {per- 
fectly tight  joints  with  the  tube  plates,  and  allows  free  and  independent 
expansion  to  each  tube,  but  it  has  serious  disadvantages  as  compared 
with  the  ordinary  arrangement.  It  is  greatly  less  accessible  for  exam- 
ining, removing  and  replacing  tlie  tubes,  few  or  many  ;  in  fact,  these 
operations  require  the  condenser  to  be  taken  apart ;  for,  although  the 
top  of  the  shell  is  removable  after  the  manner  of  a  cover,  yet,  practi- 
cally, the  long  flexible  tubes,  once  firmly  screwed  into  their  plates  and 
rusted  there,  could  not  be  unscrewed  by  their  upper  ends,  as  intended 
by  the  designer.  The  power  required  to  work  the  circulating  pump 
is  very  much  greater  on  account  of  the  sharp  reversal  of  the  refriger- 
ating water  at  the  upper  ends  of  the  tubes,  and  on  account  of  the 
resistance  of  the  greater  quantity  of  tube  surface  over  which  the  Avater 
must  be  passed.  The  quantity  of  tube  surface  is  nearly  double,  the 
surface  of  all  the  inner  tubes  being  in  excess  of  the  surface  required 
with  the  ordinary  arrangement.  This,  also,  in  the  same  proportion, 
increases  the  weight  of  the  condenser  and  the  cost  of  its  manufacture. 
The  sole  use  of  the  inner  tubes  is  to  convey  the  refrigerating  water  to 
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the  upper  end  ot"  the  outer  tubes,  only  the  exterior  surface  of  which 

constitute  tlie  condensing  surface ;    hence,  all   the  inner  tubes  are  in 

addition  to  what  would  be  required  with  the  ordinary  arrangement  to 

give  equal  condensing  surface.     The  designer  was  doubtless  led  to  the 

adoption  of  his  arrangement  of  tubes  by  the  perfection  of  the  joint  it 

afforded ;    for,  with  his  .system,  any  leakage  of  refrigerating  water 

(which  would  be  sea  water)  into  the  compartment  receiving  the  water 

of  condensation  was  inadmissible,  as  that  much  sea  water  would  have 

passed  into  his  boiler,  but  he  paid  dearly  for  this  advantage. 

The  following  are  the  principal  dimensions  and  pro()ortions  of  the 

engine : 

Number  of  cylinders,  .  .  .3, 

Diameter  of  the  1st  cylinder  (single  acting),  7|  inches. 

Stroke  of  the  piston  of  the  1st  cylinder,  .     15     inches. 

Area  of  the  piston  of  the  1st  cylinder,         .  47'17.3  sq.  inches. 

Space  displacement  of  the  piston  of  the  1st  cylin- 
der, per  stroke,  .  .  .       0*4094884  cu.  ft. 

Space  in  clearance  and  steiun  piussage  of  1st  cylin- 
der, .  .  .  "       .       0-0856481  cu.  ft. 

Diameter  of  the  2d  cylinder  (single  acting),  I'^^if  i»t?l»es. 

Diameter  of  the  piston  rod  of  the  2d  cylinder,    .       2|  inches. 

Stroke  of  the  piston  of  the  2d  cylinder,       .  15    inches. 

Net  area  of  the  piston  of  the  2d  cylinder,  .  190*389  s(|.  inches. 

Space  displiK-ement  of  the  piston  of  the  2d  cylin- 
der, per  stroke,  .  .  .       1*6526823  cu.  ft. 

Spatje  in  clearance  and  steiim  passage  of  2d  cylin- 
der, .... 

Diameter  of  the  3d  cylinder  (double  acting). 

Diameter  of  the  j)iston  rod  of  the  3d  cylinder,    . 

Area  of  upper  side  of  piston  of  3d  cylinder 

Net  arcii  of  lower  side  of  piston  of  3d  cylinder,     . 

Mean  area  of  the  two  sides  of  the  piston  of  3d 
cylinder,  .  .  .         •         . 

Stroke  of  the  piston  of  the  3d  cylinder. 

Mean  space  displacement  of  the  piston  (if  the  ')d 

"     cylinder,  per  stroke,  .  ,  .       3*5219618  cu.  ft. 

Space  in  clearance  and  steam  passage  of  3d  cylin- 
der at  one  end,  .  .  .       0*3194444  cu.  ft. 


0*3116325  cu 

.  ft, 

22ff  inches. 

2^^  inches. 

408-700  s,,.  inc; 

hes, 

402-760  s(i.  incl 

lies. 

405*730  sq.  inc 

hes, 

15  inches. 
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Area  of  steam  port  of  1st  cylinder  (IJ  bv  2h 
inches  ==)         .  .  .  . 

Area  of  exhaust  port  of  1st  cylinder  (1^  by  4 
inches  =)  . 

Area  of  exhaust  port  of  2d  cylinder  (1|  by  13| 
inches  =)         .  .  .  . 

Area  of  steam  port  of  3d  cylinder  (2  by  16| 
inches  =)         .  .  .  . 

Area  of  exhaust  port  of  3d  cylmder  (4  by  16| 
inches  =)         -  .  .  . 

Depth  of  piston  of  1st  cylinder  occupied  by  the 
packing  rings, 

Depth  of  piston  of  2d  cylinder  occupied  by  the 
packing  rings, 

Depth  of  piston  of  3d  cylinder  occupied  by  the 
packing  rings. 

Total  depth  of  piston  of  2d  cylinder, 

Total  depth  of  piston  of  3d  cylinder, 

Thickness  of  metal  of  all  the  three  cylinders, 

Total  interior  surface  of  the  1st  cylinder  exposed 
to  the  contact  of  the  steam,  including  the  upper 
surface  of  the  piston  and  the  surfaces  of  the 
steam  passages  and  clearance, 

Total  interior  surface  of  the  2d  cylinder  exposed 
to  the  contact  of  the  steam,  including  the  lower 
surface  of  the  piston,  half  the  surface  of  the 
piston  rod,  and  the  surfaces  of  the  steam  pas- 
sage and  clearance. 

Total  interior  surface  of  the  3d  cylinder  exjjosed 
to  the  contact  of  the  steam,  including  both  sur- 
faces of  the  piston,  half  the  surface  of  the  piston 
rod,  and  the  surfaces  of  all  the  steam  passages 
and  clearances,  .  .       - 

Outside  diameter  of  the  wrought  iron  pipe  com- 
posing the  coils  of  the  .steam  jackets  for  the 
three  cylinders. 

Inside  diameter  of  the  wrought  iron  pipe  com- 
posing the  coils  of  the  steam  jackets  for  the 
three  cylinders, 


3 J  square  inches. 

» 

5  square  inches. 
20^  square  inches. 
33J  square  inches. 
67    square  inches. 

3|  inches. 

3 1  inches. 

4|  inches. 
5  inches. 
5f  inches. 
1|  inches. 

5-09236  sq.  feet. 


13-06982  sq.   feet. 


22-52750  sq.  feet. 


f  inch. 


G0-8() 

^  inc'h. 

1  J  inches. 

0-994  ^i. 

ind 

1. 

()-U21()7 

<J-4(ll.Ss.j. 

iiK-l 

Iiw, 

2!l  ill. •lies. 
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Di.stanoe  Ix-tween  tlie  axes  of  the  coils  of  the 
wn^ught  iron  pipe  composing  tlic  steam  jackets 
for  the  three  cylinders,      .       ,  •  .        l|j  inches. 

Per  centum  of  the  interior  surface  of  the  cylin- 
ders .steam  jacketed,  being  the  ratio  of  the 
inside  surface  of  the  wrought  iron  pipe  com- 
posing the  coils  of  the  jackets  to  the  interior 
surface  of  the  cylindei's.  The.se  coils  are  in 
both  top  and  bottom  of  the  cylindei's  a.s  well 
as  around  the  sides. 

Clearance  of  all  the  cylindei's, 

Inner  diameter  of  the  steam  i)ipe  from  builcr,     . 

Oro.ss  area  of  the  steam  pipe  from  boiler. 

Ratio  of  cro.ss  area  of  steam  pipe  to  area  of  i)is- 
ton  of  l.st  cylinder, 

Cro.ss  area  of  pipe  connecting  top  of  1st  <'y]indcr 
with  bottom  of  2d  cylinder, 

Fjcngth  of  ])ipc  connecting  top  (»f  1st  cylinder 
with  bottom  of  2d  (ylindcr 

Ratio  ot"  the  space  displacement  of  the  j>ist<»n  of 
the  1st  cylinder  in  e(pial  time  to  that  of  the 
piston  of  the  2d  cylinder,  .  .       4M)3o97 

Kati(j  of  the  space  displacement  of  the  piston  of 
the  l.st  cylinder  in  equal  time  to  that  of  the 
l)iston  of  the  :}(!  cylinder,  .  .      17-2()179 

Katio  of  the  space  displacement  of  the  piston  of 
the  2d  cylinder  in  e<pial  time  to  that  of  the 
piston  of  the  .'id  cylinder,  .  .        4*20212 

Ratio  of  the  aggregate  displacements  of  the  i)is- 
tons  of  the  1st  and  2d  cylindei-s  in  equal  time 
to  that  of  the  piston  of  the  3d  cylinder,  .        'JOISTS 

Ratio  of  the  space  in  clearance  and  steam  pa.-<sige 
of  1st  cylinder  to  the  sjtaee  displaeemeht  per 
stroke  of  its  piston,  .  .  .        ()-2()91o9 

Ratio  ot"  the  s|)aee  in  clearaiK-e  and  steam  pa-ssige 
of  2d  cyliiuler  to  the  .space  displacement  per 
stroke  of  its  piston,  .  .  .       (>188oGl 

Ratio  of  the  space  in  clearance  and  steam  jnissjige 
of  3d  cylinder  ttt  the  space  displacement  j)er 
stroke  of  its  piston,  .  .  .       0-0907O7 
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Diameter  of  crank  shaft,  .  .  5|  inches. 

Condensing  surface  in  condenser,  .  .  422    square  feet. 

Diameter  of  air  pump  (one,  vertical  and  single  , 

acting),  .  .  .  .     11|  inches. 

Stroke  of  air  pump  piston,         .  .  4J  inches. 

Diameter  of  circulating  pump  (one,  vertical  and 

single  acting),  .  .  -Hi  inches. 

Stroke  of  piston  of  circulating  pump,         .  4|  inches. 

Diameter  of  feed  pumps  (two,  single  acting),       .       2    inches. 
Stroke  of  feed  pumps'  pistons,   .  .  4J  inches. 

Diameter  of  bilge  pumps  (two,  single  acting),     .       3    inches. 
Stroke  of  bilge  pumps'  pistons,  .  4|  inches. 

Length  in  vessel  occupied  by  engine  and  boiler,  .     22|  feet. 
Total    weight    of    machinery,  including   engine, 

boiler,  screw  shaft,  screw  and  all  ap[)urtenances 

except  water  in  boiler,      .  .  .25  tons. 

The  tank   in  the  engine  room,  carrying  distilled 

water  for  supplying  the  boiler  wastage,  contains  280  pounds. 

It  will  be  observed  from  the  above  dimensions  that  tlie  spaces  in 
the  clearances  and  steam  passages  of  the  cylinders  are  enormous,  as 
compared  with  what  are  usually  found  in  good  practice,  being  from 
twice  to  four  times  greater  than  necessary,  and  involving  a  pro})or- 
tionally  decreased  economic  effect  from  the  steam.  Although  the 
Cornish  equilil)rium  valves  may  be  indisi)ensable  for  working  with 
steam  of  the  high  pressure  intended  in  the  first  and  second  cylinders, 
yet  thev  may  be  arranged  so  that  the  spaces  in  the  clearances  and 
steam  passages  shall  not  exceed  5  to  6  per  centum  of  the  space  dis- 
placement of  the  respective  pistons  per  stroke.  And,  certainly,  the 
ordinarv  slide  valve  can  be  adapted  to  the  third  cylinder  without 
requiring  over  9  per  centum  of  the  space  displacement  of  its  i)iston 
per  stroke  in  waste  spaces. 

The  disadvantage  of  the  unusually  large  waste  spaces  at  the  ends  of 
the  cylinders  is  not  limited  to  the  loss  of  steam  required  to  fill  them, 
but  extends  to  the  loss  of  steam  due  to  its  condensation  on  the  surfaces 
of  these  spaces.  These  losses  of  economic  effect,  greater  in  tlie  engine 
of  the  Anthracite  than  is  found  in  ordinary  engines,  are  not  inherent 
to  the  Perkins  system,  and  may  easily  l)e  eliminated  by  a  better 
design  of  mechanical  details. 
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The  method  of  steam  jacketing  the  cylinders  is  very  inefficient,  so 
much  so,  indeed,  that  probably  but  little  economic  effect  is  obtained 
from  their  use.  The  jackets,  as  already  described,  are  composed  of 
coils  of  wrought  iron  pipe  embedded  in  the  metiil  of  the  cylinder 
which  was  cast  around  them.  By  this  arrangement  the  whole  heating 
surface  of  the  jacket  is  composed  of  the  inside  surface  of  the  pipe. 
The  steam  from  the  boiler,  being  admitted  at  the  top  of  the  coil,  fol- 
lows it  to  the  bottom,  becoming  in  part  condensed  during  the  progress, 
the  water  of  condensation  fiHing  the  lower  portion  of  the  coil,  which 
is  consequently  cooler  than  the  boiler  steam  in  the  upper  portion,  and, 
to  that  extent,  less  efficient.  The  heat  of  the  steam  or  of  the  hot 
water  has  to  be  accepted  by  the  wrought  iron  pipe,  which  then  deliv- 
ers it  to  the  cast  iron  of  the  cylinder,  the  heat  wave  being  much 
impede<l  by  this  additional  barrier.  AVith  the  ordinary  steam  jacket, 
the  boiler  steam  is  at  once  in  direct  contact  with  every  particle  of  the 
cast  iron  of  the  cylinder ;  the  jacket  has  the  maximum  temperature, 
and  the  heat  is  communicated  to  the  entire  interior  surface  of  tiie  cyl- 
inder without  the  interposition  of  a  single  impediment.  In  the  Per- 
kins system,  the  heat-delivering  surface  of  the  steam  jacket  or  coil  is 
only  60'8  per  centum  of  the  interior  surface  of  the  cylinder,  owing  to 
the  distance  at  which  the  coils  are  placed  apart.  AVith  the  ordinary 
steam  jacket,  the  heat-delivering  surface  is  co-extensive  with  the  inte- 
rior surface  of  the  cylinder.  In  fact,  the  Perkins  system  of  steam 
jacketing  cannot  be  considered  as  over  one-half  the  efficiency  of  the 
ordinary  system.  The  only  advantage  of  the  coil  system  of  jacketing 
is  the  mechanical  one  of  acting  as  bands  or  hoops  around  the  cylinder, 
and  thus  increasing  its  resistance  against  internal  pressure ;  but  for 
the  proper  purpose  of  a  steam  jacket,  which  is  the  prevention  of  cyl- 
inder condensation,  it  is  greatly  inferior  to  the  ordinary  system.  The 
water  of  condensation  from  the  steam  jackets,  being  at  nearly  the 
boiler  temperature,  was  discharged  into  the  condenser  instead  of  into 
the  boiler,  and  so  lost  nearly  the  hciit  due  to  the  difference  between  the 
condenser  and  boiler  temperatures. 

Boilp:j!. 

There  is  one  boiler,  and  it  is  composed  entirely  of  water  tubes 
enclosed  in  a  double  shell  of  thin  plate  iron,  the  intervening  space  of 
which  is  filled  with  vegetable  black  as  a  non-conductor  of  heat.  The 
entire  thickness  of  the  shell  is  4  inches.     About  one-half  of  the  tube 
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surface  is  steam  generating  surface,  and  the  remaining  half  is  steam 
superheating  surface. 


JLl_ 


The  boiler  has  one  furnace,  the  grate  of  which  is  horizontal,  form- 
ing a  parallelogram  45|  inches  wide  and  49  inches  long ;  the  corners 
of  this  parallelogram  are  rounded  on  radii  of  61  inches. 
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All  the  steam  generating  tubes  are  water  tul)e.s,  that  i.s  to  .say,  they 
contain  the  water  to  be  converted  into  .steam,  and  they  are  completely 
surrounded  by  the  hot  gases  of  combustion.     All   the  superheating 


Somjiiuavnaf  Sullen. 


tubes  contain  .steam  and  are  completely  surroundetl  by  the  hot  gases 
of  combu.stion.    All  the  tubes,  both  steam  generating  and  steam  super- 
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heating,  are  of  iron,  3  inches  in  outside  diameter  and  2^  inches  in 
inside  diameter,  the  thickness  of  the  metal  being  f  inch. 

The  grate  is  enclosed  by  horizontal  tubes,  .seven  in 'number,  arranged 
one  immediately  over  the  other  so  as  to  form  the  sides  of  the  furnace. 
These  tubes  are  separated  vertically  by  .spaces  1|  inches  high  in  the 
clear.  Eacli  of  the-se  tubes  is  bent  to  the  form  of  the  srrate  which  it 
just  encloses,  and  the  ends  of  the  tubes  are  closed.  The  opening  for 
the  furnace  door  is  made  by  allowing  its  Madth  between  the  ends  of 
two  tubes,  the  height  being  composed  of  two  tubes  and  three  inter- 
vening spaces,  that  is  11 J  inches.  The  ends  of  each  of  the  remaining 
five  tubes  are  separated  by  a  space  of  |  inch,  otherwise  the  two  ends 
of  the  same  tube  would  have  abutted.  The  seven  horizontal  tubes 
forming  the  sides  of  the  furnace  are  connected  together  at  intervals  of 
about  8  inches  by  vertical  pipes  1  j^  inches  in  outside  diameter  and 
^  inch  in  inside  diameter ;  the  extreme  length  of  each  of  these  short 
vertical  pipes  is  2|-^  inches,  including  the  portions  .screwed  into  the 
two  horizontal  tubes  it  connects.  These  short  vertical  pipes  are 
.secured  into  the  horizontal  tubes  with  right  and  left  hand  threads, 
being  screwed  simultaneously  into  the  upper  and  lower  horizontal 
tubes  they  connect. 

Above  the  seven  tubes  just  described  as  forming  the  sides  of  the 
furnace,  and  extending  over  the  grate,  are  one  hundred  and  forty  tubes, 
each  55  inclies  in  extreme  length  and  having  both  ends  closed.  These 
tubes  are  all  horizontal  and  parallel.  They  are  arranged  ten  tubes 
verticJally  and  fourteen  tubes  horizontally.  The  vertical  spaces  between 
the  tubes  are  If  inches  high,  and  the  horizontal  .spaces  between  them 
are  f  inch  wide.  The  tubes  of  each  of  the  fourteen  vertical  rows  are 
placed  over  each  other,  their  axes  being  in  the  same  vertical  plane, 
and  they  are  connected  together  at  each  end  by  a  short  vertical  pipe  of 
the  same  dimensions  described  for  the  connections  of  the  seven  hori- 
zontal tubes  forming  the  sides  of  the  furnace.  Between  the  ends  there 
are  no  connections,  nor  are  the  tubes  of  the  different  vertical  rows 
connected  horizontally  with  each  other.  Each  vertical  row  of  ten  tubes 
thus  forms  a  distinct  section  of  the  boiler.  The  lower  tube  of  each 
vertical  row  is  connected  with  the  upper  of  the  seven  horizontal  tubes 
forming  the  sides  of  the  boiler  in  the  same  manner  as  with  the  tube 
above  it,  namely,  by  a  short  vertical  pipe  at  each  end.  The  axes  of 
the  corresponding  tubes  of  the  fourteen  vertical  rows  are  in  the  same 
horizontal  plane. 
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Above  tlie  tubes  ju.st  described,  and  with  its  axis  at  ri<;lit  aii^rles  to 
their  axes,  is  a  steam  collector  compo.sed  of  an  iron  j)ij)e  ol  J  inches  in 
extreme  length,  5  inches  in  outside  diameter  and  4  inches  in  inside 
diameter,  thickness  of  metal  \ 
inch.  This  pipe  is  placed  at 
the  centre  of  the  tubes  with  its 
axis  1 1  inches  above  the  axes 
of  the  tul)es  of  the  upj)er  row. 
It  is  connected  with  the  tui)es 
of  each  of  the  ten  vertical 
rows  by  a  vertical  pipe  at  the 
centre  of  their  length  1^  in. 
in  outside  and  |  inch  in  inside 
diameter.  The  steam  pipe  lead- 
ing to  the  engine,  \^  inches  in 
inside  diameter,  proceeds  from 
the  steam  collector. 

The  whole  of  the  tube.'^,  both 
those  surrounding  the  grate  and 
those  lying  above  it,  including 
the  steam  collecting  i)ipe,  are 
surrounded  entirely  by  the  hot 
gases  of  combustion,  the  water 
and  steam  being  contained 
within  them. 

Above  the  steam  collector  the  shell  of  the  boiler  is  archwl  over,  and 
at  its  centre  the  chimnev  is  placetl.  The  shell  is  extended  below  the 
grate  sufficiently  to  form  a  cIoschI  ash  pit  which  is  provided  with  a 
door. 

Large  iiinged  doors  are  constructed  in  the  shell  of  the  boiler  ai>ove 
the  furnace  door.  These  doors  uncover,  when  opened,  one  end  of 
each  of  the  one  hundred  an<l  forty  tubes,  so  that  they  can  l^e  swept 
easily  of  soot  and  ash  from  the  outside,  the  tubes  lying  in  the  direc- 
tion of  the  grate  bars  and  at  right  angles  to  the  doors  for  sweeping. 

There  is  no  fixed  water  level.  It  can  be  rarried  anywhere  at  will. 
All  the  tube  and  j)i])e  surface  below  it  is  steam  generating  surfa<r,  aiul 
all  the  tube  and  pipe  surt'ace  above  it,  including  the  steam  collector,  is 
steam  superheating  surface.     During  the  experiment  made  at  the  New 
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York  navy  yard  witli  the  machinery  of  the  Anthracite,  the  water-level 
in  the  boiler  was  carried  steadily  at  the  top  of  the  fourth  horizontal 
row  of  the  one  hundred  and  forty  tubes  above  the  »furnace.  That  is 
to  say,  the  entire  surfaces  of  this  row  of  tubes  and  of  all  those  below 
it  were  water  heating  surfaces,  and  the  entire  surfaces  of  all  those 
above  it,  including  the  steam  collector,  were  steam  heating  surfaces. 
The  areas  of  water  heating  and  steam  heating  surfaces  about  to  be 
given  were  calculated  according  to  this  water  level,  as  well  as  the 
steam  room  and  water  room. 

Length  extreme  of  the  boiler,  .  .         5  feet  3  in. 

Breadth  extreme  of  the  boiler,         .  .  4  feet  lOA^  in. 

Heiglit  of  the  boiler,  .  .  .9  feet  2  in. 

Area  of  grate  surface,      .  .  .  1 5*3 158  sq.  ft. 

Area  of  water  heating  surface,  calculated  for  the 

exterior  circumference  of  the  tubes,     .  .     300'24  sq.  ft. 

Area  of  water  heating  surface,  calculated  for  the  in- 
terior circumference  of  the  tubes,         .  .     225'49  sq.  ft. 
Area  of  steam  superheating  surface,  calculated  for 

the  exterior  surface  of  the  tubes,  .  .     325*89  sq.  ft. 

Area  of  steam  superheating  surface,  calculated  for 

the  interior  surface  of  the  tubes,  .  .     239*20  sq.  ft. 

Cross  area  for  draught  between  the  tuljes,        .  3*724  sq.  ft. 

Steam  room,  ....       11*048  cu.  ft. 

Water  room,     ....  10*109  cu.  ft. 

Weight  of  tubes  and  their  connections  in  boiler,  8264  pounds. 

Weiglit  of  the  grate  bars,         .  .  728  pounds. 

Weight  of  the  ash  pit,     .  .  .186  pounds. 

Weight  of  the  boiler  base  or  bearer,         .  380  pounds. 

Weight  of  the  chimney,  .  .  .     280  pounds. 

Weight  of  the  metal  in  the  boiler  casing,  1804  pounds. 

Weight  of  vegetable  black  filling  for  the  casing,  3750  pounds. 

Total  weight  of  boiler,  exclusive  of  water,      -  15392  pounds. 

Weight  of  water  at  62  degrees  Fahrenheit  in 

boiler,  ....     630  pounds. 

Total  weight  of  boiler  and  its  contained  water,  16020  pounds.. 
Square  feet  of  water  heating  surface,  calculated  for 
exterior  surface  of  the  tubes,  per  square  foot  of 
grate  surface,       ....       19*6033. 
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Square  feet  of  water  heating  surface,  calculated  tor 
interior  surface  of  the  tuijes,  per  square  foot  of 
grate  surface,        .  .  .  .        1i~227 

Square  feet  of  steam  superheating  surface,  calculated 
for  exterior  surface  of  the  tubes,  per  square  foot 
of  grate  surface,  ....        21'2178 

Square  feet  of  steam  superheating  surface,  calculatetl 
for  interior  surface  of  the  tubes,  per  square  foot 
of  grate  surface,  .  .  .  .        lo"6170 

Stjuare  feet  of  grate  surface  per  square  foot  of  cross 

area  for  draught  between  the  tubes,      .  .         411 27 

(To  be  continucil. ) 


Crystal  Palace  at  St.  Cloud.  —  Plans  Imve  been  prepared  i;.r  :i 
large  crystal  })a]ace,  to  be  i)uilt  in  the  [)arU  of  St.  Cloud,  for  perma- 
nent exhibitions  of  industry,  art,  horticulture,  scientific  spectacles  with 
experiments  upon  a  large  scale,  together  with  pictures  and  rej>resenta- 
tions  of  the  vegetable  and  animal  kingdom  in  different  geological  ages. 
There  will  also  be  views  and  models  of  ancient  and  mo<lcrn  monu- 
ments, and  curiosities  from  all  parts  of  the  world.  It  is  [)ropo-.etl  to 
combine  the  attractions  of  the  Sydenham  palace,  the  Kensington 
museum  and  the  Richmond  greenhouses. — Lcs  Mondc^^.  C 

Scholastic  Thermo  -  dynamics.— M.  A.  Vacant  claims  that 
nearly  all  the  jHtstulate-?  of  thermo-ilynamics  were  heUl  by  the  school- 
men, who  taught  the  following  facts:  1.  Heat,  light,  electricity,  weight 
are  accidental  i)roperties  of  Ixxlies  and  not  material  Huids.  2.  The 
forces  capable  of  producing  physical  phenomena  may  be  either  latent 
or  sensible.  ■^.  Latent  forces  do  not  undergo  any  transtormation. 
4.  Sensible  forces  are  either  transformed  or  transmittcnl.  5.  Foree«;  are 
only  transmitted  in  tendencies  to  re.st(tre  e<[uilibrium.  <>.  All  phv>ical 
forces  can  be  transformed  so  as  to  be  reproduceil,  aeconling  to  circum- 
stauces,  sometimes  under  the  form  of  latent  work,  sometimes  in  that 
of  local  movement,  of  sounil,  heat,  light,  magnetism,  electricity,  weight 
or  expansion.  7.  Xo  new  force  is  accpiired  and  none  is  lost  in  trans- 
formation or  transmission.  8.  The  sum  of  work  and  of  sensible 
movement  never  varies  in  our  universe.  !•.  Loi'al  movement  is  the 
cause  of  all  physical  phenomena — Ixcr.  dcs  Set.  Eccies.  C 
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The   determination   of   SILICON  and  TITANIUM  in 
PIG  IRON  AND  STEEL. 


Ey   Thomas  M.  Drown^  JNI.D.,  and   Porter  W.  Shimer,  M.E., 
I^afayette  College,  Easton,  Pa. 

Bead  at  the  Meeting  of  the  American  Institute  of  Mining  Engineers,  February,  ISSt). 


In  a  coniiuunication  to  this  Institute  at  the  Baltimore  meeting, 
Eebruaiy,  1879,*  on  the  "  Determination  of  Silicon  in  Pig  Iron  and 
Steel,"  the  method  recommended  was  the  treatment  of  the  metal  with 
nitric  acid  until  action  had  ceased,  and  then  evaporating  with  sulphuric 
acid  until  the  nitric  acid  was  nearly  or  quite  driven  off.  After  filtra- 
tion of  the  siliceous  and  carbonaceous  residue,  and  washing  with  hot 
water  and  hydrochloric  acid,  a  silica  was  obtained,  on  ignition,  which 
was  quite  pure.  Since  this  paper  was  read  before  the  Institute,  we 
have  had  large  experience  with  the  method,  and  find  it  uniformly 
reliable.  Results  are  obtained  in  a  few  hours  with  the  greatest  accu- 
racy. 

While  testing  the  method  and  comparing  it  with  others  in  general 
use,  and  also  with  some  new  methods,  there  have  been  developed  some 
facts  which  may  be  of  sufficient  value  to  lay  before  the  members  of 
the  Institute. 

Interesting  results  were  oljtained  by  the  treatment  of  iron  borings 
in  a  platinum  crucible  with  acid  potassium  sulphate  at  a  red  heat. 
The  operation  must  be  conducted  with  care,  to  prevent  too  violent 
action ;  but  a  little  practice  will  enable  one  to  effect  the  complete  oxida- 
tion of  one  gram  of  iron  (the  amount  usually  taken)  in  from  20  to  30 
minutes.  On  subsequent  solution  of  the  fused  mass  in  water,  a  little 
hydrochloric  acid  is  added  to  dissolve  any  ferric  oxide  which  may 
adhere  to  the  crucible.  For  1  gram  of  iron,  abdut  25  grams  of  the 
acid  potassium  sulphate  are  used.  This  amount  is  ordinarily  added  at 
once  to  the  iron  in  the  crucible.  The  operation  must,  of  course,  be 
carefully  watched  that  the  mass  does  not  flow  over  the  top.  It  should 
not  mount  higher  than  three-fourths  of  the  height  of  the  crucible, 
which  should  have  a  capacity  of  not  less  than  70  cc.  If  the  operation 
has  been  successful,  a  nearly  white  mass  will  remain  in  the  crucible, 

*  Transactions,  vol.  vii,  p.  346. 
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Mitli(»iit  a  j):irtiele  of  ^raj)liitt'.  The  iii:iss  may  Ix-  poiirod  out  wliilt 
li<jiii(l,  l)Ut  a  more  eoiiveiiieiit  metlnKl  is  to  insert  into  the  Hui<l  ma.-«.•^  a 
piece  of  lieavv  phitiniim  wire,  l>ent  at  the  eiul,  and  then  aUow  the 
mass  to  solidify  around  it.  The  crueilihj  is  llien  slightly  warmeil  to 
loosen  the  contents,  which  can  he  lifted  out  l)y  the  wire.  The  fused 
mass,  with  the  crucible  and  lid,  is  put  at  once  into  l)oilinj;  water  with 
.some  hydrochloric  acid,  ^^'hen  solution  is  com|)lete,  the  silica  i> 
filtered  off  and  wasiied  with  hot  dilute  hydnx-hloric  acid  and  wat»r. 
After  drying,  the  filter,  with  its  contents,  is  ignited  and  weighed.  The 
resulting  })roduct  should  i)e  i)ure  white.  While  atrurate  results  have 
been  obtained  by  this  raetiiod  in  45  minutes,  yet  a  long  experience 
with  it  shows  that  it  is  not  to  be  relied  on  for  all  kinds  of  iron  an<l 
steel.     The  following  are  some  of  the  results  obtained: 

1         2         3        4         5        6         7         s         ;» 

Silicon   l»v  nitric  and  sul- 

piiurie  acids 0-737  0-772    1*24  1-214    2-3.5    2-40    2-40  0-7.S5  0»i22 

0-7.nHC777    l-2o  2-37    2-42    2-40  n-7.57  0-t)2V* 

Silicon  1)V  fusion  witli  acid 

polassluiM  suli)iiate ()-«i2S  0-772    1-41  2;i7    2-53    2-4«  0-749  0-.53o 

0-()77  0-702  \-S)t)  2-47  0-7H10-,->W 

0-677  2-47  0-o7o 

•2-V.i  0-oil] 

2-50 
2 -on 


2-o4 
2-.5S 
2-<!!» 

1(1       11       12       i:{       14       1")       It;      i:       is 

Silicon   l)v  nitric  and   sul- 
phuric iuids rit2()-2u7  4  ^i  Mil  Ho  0-929    3-7.)  0*027  0-682  0-2iV> 

0-208  4-39  0166                       U-027  o-»i(W  0-207 
0-210 
Silicon  l)v  fusion  with  acid 

potjissium  sulpiiatc l-it4O0O3  4-60  0-116  0-029    3-94  0-0<K)  0-529  O-CMvi 

l-'.i4  0-141  0-130              4-01  0-025  0-5«W  0-11*) 

()-2;U  40L'            o-.")!is  0-12O 

0-287  4-19             0-«52SOl97 

0-661  0-2O9 

1.  Richmond  warm-ltla.st  charcoal  iron,  No.  3.  2.  Grii'uwood  cojd-lilasi 
charcoal,  No.  1.  3.  Dutchess,  anthracite.  No.  1.  4.  Hcida  cold-i>last  char- 
coal. No.  2.  5.  liushon^r,  joitliiacitc,  No.  1.  6.  I.t-csport,  anthracite.  No.  1. 
7.  Soutii  Eastou,  anthracitt'.  No.  1.  s.  Glcixloii,  i;ray  forirc  9.  (iU-udon. 
mottled,  lu.  Durham,  anthracite.  11.  White  iron.  12.  .s^ilviT-^'niy  iron. 
l.>.  Spie-releisen.  14.  Sourci'  unknown.  15.  Source  unkn«»wn.  16.  lk'>- 
scmer  steel.     17.   Hesscnier  steel.     Is.  Sanderson  tool  steel. 
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In  the  above  table  will  be  noticed  many  results  which  vary  greatly 
from  the  true  percentage,  and  for  which  variation  ijo  sufficient  expla- 
nation is  at  hand.  In  general,  it  maybe  said  that  irons  high  in  silicon 
cjive  better  results  than  those  low  in  silicon.  With  silicon  over  one 
per  cent.,  the  tendency  is  toward  too  high  results ;  with  silicon  under 
one  per  cent,  the  tendency  is  toward  low  results.  AVlien  the  silicon  is 
about  one-half  of  one  per  cent,  or  lower,  the  results  are,  moreover,  very 
uncertain,  as  will  be  seen  from  the  figures  for  mottled  and  white  iron,  also^ 
for  spiegeleisen  and  steel.  In  one  experiment  on  a  sample  of  Bessemer 
steel  (No.  16),  no  silicon  was  found,  while,  in  another  experiment  with 
the  same  steel,  made  by  completely  driving  off  the  free  sulphuric  acid 
from  the  acid  sulphate,  and  then  adding  a  fresh  portion,  the  percentage 
of  silicon  obtained  agreed  with  that  by  nitric  and  sulphuric  acids. 
For  iron  or  steel  very  low  in  silicon  this  last  procedure  is  necessary  to 
get  even  approximate  results ;  but  for  ordinary  pig  irons,  it  gave  no 
better  results  than  were  obtained  by  simply  heating  the  borings  with 
acid  potassium  sulphate  until  all  traces  of  graphite  had  disappeared. 
Silver-gray  iron  is  with  difficulty  oxidized  by  this  method,  although 
the  results  obtained  from  one  sample  were  reasonably  good. 

For  Bessemer  \vorks,  where  a  rapid  method  for  the  determination 
of  silicon  is  often  desirable,  this  method  will  perhaps  find  a  useful 
application.  It  should  be  mentioned  that  we  have  found  great  diffi- 
culty in  buying  acid  potassium  sulphate  free  from  silica  or  other 
insoluble  matter.  In  all  cases  we  found  it  necessary  to  purify  the 
sulphate  by  solution  in  water,  filtration,  evaporation  and  fusion. 

Some  variations  were  tried  on  the  method.  The  pig  iron  was  first 
oxidized  in  the  crucible  by  nitric  acid  and  the  resultnig  product  treated 
with  the  acid  sulphate.  Again,  nitre  was  used  in  connection  with 
the  acid  sulphate.  In  another  series  of  experiments  the  iron  was 
heated  to  redness  for  some  time  with  sodium  carbonate  (which  has 
the  effect  of  oxidizing  energetically  the  carbon  and  silicon),*  and  sub- 
sequently treated  with  sulphuric  acid  and  acid  sulphate.  These  varia- 
tions were  not  accompanied  with  any  better  results  than  when  the  acid 
sulphate  was  alone  used. 

The  high  results  are  mostly  caused  by  oxide  of  iron,  which  attaches 
itself  in  small  amount  to  the  upper  part  of  the  crucible,  and  which  is 
somewhat  slow  of  solution  in  acid.  It  does  not  follow  that  silica 
which  is  quite  white  after  ignition  is  free  from  iron. 

*Tiansactions,  vol.  vii,  p.  14G. 
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The  f"a(;ilitv  with  wliidi  \n^  iron  ami  steel  can  i»e  hroii^^ht  iiu<)  (•oiii- 
j»lete  solution  Ny  I'u-ion  with  a(!i(l  jxtta-ssiuui  .sulphate  will  perhap.-s 
reconiiucnd  this  procodure  when  other  inijredieuts  b&side.s  .silieon  are 
to  be  determined. 

In  comparing  the  silicon  results  obtained  by  the  nitrie  and  .sulphurie 
acid  j)roeess  with  those  oi)tained  l)y  the  use  of  hydro<;hlorie  acid,  we 
noticed  that  the  results  by  tiie  latter  {jrocess  were  almost  invariably 
]iigher  when  the  residual  silica  obtiiined  after  burning  of!'  the  <arboM 
was  not  refused  with  alkaline  carb(jnates.  The  same  is  true  when 
-ul|)huric  acid  is  used  alone  without  nitnc. 

In  many  ca.ses  the  silica  was  found  to  contain  iron  oxide  or  «^ther 
hases,  but  tin;  higher  results  were  also  obtained  when  the  -ilica  wa» 
foiuid  to  be  fr(!e  from  metallic  o.xides.  Investigations  showed  the 
presence  of  titanic  acid,  and  an  extended  series  of  experiment-  Iim- 
shown  that  titanium  is  very  generally  present  in  pig  iron. 

In  determining  the  titanium,  Uiley's  method  was  generally  u.-^ed, 
Avhich  consists  in  treating  the  j)ig  iron  with  liydrochloric  acid  and 
iiltering  off  the  siliceous  graphiti<-  residue,  which  is,  after  ignition, 
fii-ed  with  acid  |)ota>>ium  sulphate.  This  method  gives  fair  results, 
but  a  more  accurate  method  we  found  to  be  the  treatment  of  j>ig  iron 
in  a  j)orcelain  boat  in  a  glass  tube  with  dry  chlorine  at  a  red  heat. 
Pig  iron  thus  treated  is  almost  completely  volatili/ed,  a  small  carl»on- 
aceous  resitlue — five  per  cent,  or  less — remaining  in  the  bi»at.  The 
I'erric  chloride,  with  some  manganic  chloride,  condenses  in  the  gUiss 
tube  (which  should  be  long  enough  tt*  allow  of  this),  and  the  non- 
metals  are  driven  over  as  gaseous  chlorides. 

J'or  the  al)sorption  of  the  silicon  and  tit;inium  a  series  of  three  or 
four  tubes  or  bottles  of  water  is  used.  No  precipitate  is  noticed  in  the 
"water,  but,  on  boiling,  titanic  acid  contaminate<l  with  silica  i»  precipi- 
tated. To  determine  the  silicn  and  titanic  acid,  the  contents  ot'  the 
bottles  are  poiu'ed  into  an  evaporating  dish  and  strongly  acidified  with 
hydroehloric  acid.  Fifteen  cubic  centimetres  of  sulphiu'ic  acitl  (sp. 
gr.  1*23)  arc  added,  and  the  solution  evaporatcil  until  all  the  hydro- 
chloric acid  is  ex|>elled.  The  silica  is  thus  rendered  insoluble  and  the 
titanic  acid  retained  in  solution,  from  which  it  can  be  precipitatc<l  atter 
<lilution  by  boiling.  The  residts  by  this  method  are  always  a  little 
higher  than  those  obtaincil  by  Uiley's  metliod.  In  the  treatment  of 
pig  iron  by  nitrie  and  sid|)huric  acids,  the  silica  obtiiinetl  is  free  from 
titanic  acitl,  which  goes   entirely  into  the  filtrate.     It  is  not  iKissible, 
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however,  to  get  more  than  about  one-third  of  the  total  amount  hy 
precipitation  by  boiling,  owing,  doubtless,  to  the  presence  of  the  rela- 
tively large  amount  of  iron  in  solution.  » 

The  followins:  table  shows  the  relation  between  the  silicon  and  tita- 
nium  in  a  few  pig  irons  containing  notable  quantities  of  titanium : 
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'        og        ' 

^ 
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fc-    c 
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3^ 

c  s 
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Titanium  by  Rilcv's  method  0-099  (1114        0-31S  0-115      0-225 

"     flilorine     "           0-278  0-216  0-3T-4         

"     calculated  lis  silicon*  0-077  0-217  0-170  0-291  0-081      0-173 
Sum  of  last   with   true  per- 


0-318 

0-115 

0-216 

0-374 

0-170 

0-291 

0-081 

1-460 

1-751 

2-481 

1-640 

1-840 

(2-520 
■(  2-550 

1-290 

1-460 

2-400 

centajfc  of  silicon 0-832  4-607       1-460       1-751       2-481      2-523 

Silicon     l.y    HCI     method.   0-811  .  4.^5,       ^.^^,,       ^'^^'^^     o|^S 

without   retusmg 0-S15  j  (  z  ooO      _  o»u 

True  iJei-ceutage  of  silicon...   0-755  4-390       1-290       1-460        2-400      2-350 

i  . 1 

Other  determinations  of  titanium  in  pig  iron  by  Riley's  method  are 

as  follows : 

Per  cent,  of 
Titanium. 

Riclimond,  warm-blast,  charcoal.  No.  3,  .     0-018 

Greenwood,  cold-blast,  charcoal,  No.  1,     .  0*052 

Hecla,  cold-blast,  charcoal.  No.  2,     .  .     0-048 

Dutchess,  anthracite.  No.  1,       .  .  0*055 

Leesport,  anthracite,  No.  1,  .  •     0-115 

A  few  more  details  of  the  treatment  of  ])ig  iron  with  dry  chlorine 

may  be  worth  giving  in  the  accompanying  tabular  form  : 
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Pig  Iron  Treateil. 

9  £ 

^  J  i 

S.  ~ 

=  1 

i-r 

^■3  g 

^  (-1  ^ 

III 

III 

0  S-r 

•-■B 

"5  — 

■s25 

r- 

■12 

Ph 

a. 

rA 

^ 

H 

South  Eastou 

3-92 

0-292 

3-628 

0-031 

2-335 

2-366 

2-400 

Gleudon  Grav  For^e. 

4-17 

0-200 

3-970 

0-022  1 



0-756. 

Glendou  Mottled 

it                ii 

1 

4-29 
4-15 

0-302 
0-266 

3-988 

3.884 

0-015  1 

0-444 

0-459 

0-622 
0-622 

Source  unknown 

(1).. 

4-53 

0-226  I 

4-304 

0-032  j 

0-873 

0-905 

0-970 

u                  u 

1  4-64 

0-277  ! 

4-363 

0-043 

0-908 

0-951 

Source  unknown 

(2).. 

4-75 

0-415 

4-335 

0-083 

1-260 

1-343 

i-460 

(1           it 

;  4-74 

0-080 

1-340 

1-420 

U                      Ii 

1  5-22 

0-080 

1-330 

1-410 

11                 II 

4-83 

0-483 

4-497 

0-080 

1-300 

1-380 

Wliifp  Tvnn 

4-04 
3-38 

0-224 
0-240 

3-816 
3-140 

0-080 
0-045 

0-152 
4-090 

0-232 
4-135 

0-209 

siil  vpr-P"i'MV 

4-400 

^  That  is,  the  amount  of  silicon  which  would  be  calculated  from  the  titanic  acid 
mixed  with'  the  silica  resulting  from  the  hydrochloric  acid  treatment. 
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It  will  be  seen  from  the  above  tliat  tlie  silicon  i.s  Ihirly  awounted  for 
in  nearly  all  instances.  A  more  thorough  abs<»r[)ti<)n  of  the  silicon 
chloride  bv  water,  or,  perhaps  still  better,  by  an  alkaline  solution,  may 
give  the  full  amount  of  silicon.  As  far  as  ex|)criments  go,  there  is  no 
silicon  with  the  condensed  ferric  chloride  in  the  tube.  Phosphorus  is 
present  in  the  ferric  chloride,  and  sulphur  is  present  as  sulphuric  acid 
in  the  water  used  for  absorption,  but  we  have  not  yet  followed  up 
these  elements. 

When  the  carbonaceous  and  siliceous  residue  in  the  boat  is  treated 
with  water,  a  portion  goes  into  solution,  and  in  this  solution  may  be 
detected,  besides  manganese,  which  we  might  expect,  aluminum,  mag- 
nesium and  calcium.  Whence  come  these  latter  metals?  \\'ere  they 
present  in  combination  with  the  iron,  or  do  they  sinij>ly  indicate  the 
presence  of  cinder  in  the  iron  ? 

In  the  portion  of  the  residue  insoluble  in  water  these  elements  art: 
likewise  found,  and  it  may  l>e  that  the  solul)le  calcium,  magnesium, 
etc.,  were  present  alloyed  with  the  iron,  and  the  insolul)lc  comi)Ounds 
of  these  metals  were  in  the  cinder.  More  exi)criments  are  needed  to 
clear  up  this  doubt. 

In  an  experiment  bearing  on  this  point  dry  chlorine  was  passe<l  at 
a  ral  heat  over  cinder  which  had  not  been  more  than  24  horn's  out  of 
the  fiu'uace,  and  it  was  found  to  increase  in  weight  about  3  per  cent., 
showing  that  the  absorption  of  chlorine  was  not  very  marked.  In  a 
specimen  of  old  cinder,  the  gain  in  weight  under  the  same  conditions 
was  from  1()  to  19  per  cent.  The  action  seemed  to  be  the  conversion 
of  carbonates  of  the  alkaline  earths  into  .chlorides. 

When  dry  chlorine  is  pas.sed  over  a  mixture  of  a  titanifer<»us  ore 
and  charcoal  at  a  low  red  heat,  titanium  chloride  is  volatilizeil ;  but 
when  a  mixture  of  a  blast-furnace  cinder  and  charcoal  is  similarly 
treated,  no  silicon  chloride  is  formed.  It  is  possible,  therefore,  that 
the  silicon  remaining  in  the  bctat  after  the  treatment  of  pig  iron  by 
chlorine  may  result  from  the  presence  of  cinder  in  the  iron.  More 
experiments  are  needed  before  any  decided  assertion  can  be  made  on 
this  point. 

It  was  expected  that  the  treatment  of  pig  iron  by  chlorine  at  a  low 
red  heat  would  give  a  se})aration  of  iron  from  manganese.  We  were 
unsuccessful  in  effecting  this  separation.  In  all  ca.ses,  some  manga- 
nese was  found  with  the  ferric  cldoride.     With  spiegeleisen,  (»r  ferro- 
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manganese,  the  fusion  of  the  manganic  chloride  in   the  boat  rendered 
it  difificiilt  to  volatiHze  all  the  iron. 

In  the  paper  previously  alluded  to  on  the  determina4;ion  of  silicon, 
it  was  stated  that  in  the  treatment  of  pig  iron  by  hydrochloric  acid 
about  one-third  of  the  silicon  was  found  in  solution  and  two-thirds  in 
the  residue.  Further  experiments  have  shown  that  the  relative 
amounts  of  silicon  in  solution  and  in  the  residue  depend  on  the 
strength  of  the  hydrochloric  acid.  Thus,  in  an  iron  containing  0*738 
per  cent,  of  silicon  we  found  in  the  insoluble  residue,  after  treating 
with  hydrochloric  acid,  as  follows: 

^Vith  acid  of  sp.  gr.  1-20,  .  .     0-616 

"  ""     1-12,  .  .  0-440 

"  "        1-015,  .  .     0-006 

Ao-ain  in  an  iron  with  2-36  per  cent,  of  silicon  we  found : 

AVith  acid  of  sp.  gr.  1-20,  .  .     2-26 

''  "        1-12,  .  .  2-05 

"  "       1-015,  .  .     0-02 

There  is  no  loss  of  silicon  by  volatilization  in  treating  gray  or 
white  iron  with  hvdrochloric  acid. 


Influence  of  Temperature  on  Tuning  Forks.— Kayser  finds 
that  the  )uinil)er  of  vil)ratio)is  of  a  tuning  fork  between  9°  and  30^ 
(32*^  and  86'^F.)  is  a  linear  function  of  the  temperature,  the  influence 
of  temperature  increases  with  the  sharpness  of  the  note,  the  variation 
tor  one  degree  being  sensil^ly  proportional  to  the  square  root  of  the 
immber  of  vibrations.  Within  the  limits  named  the  coefficient  of 
atmospheric  ela.sticity  increa.ses  with  the  temperature.— ies  Mondes.  C. 

Uniformity  of  Vegetable  Composition.— H.  Pellet  has  con- 
tinued his  investigation  ni)on  vegetable  composition  by  analyzing 
numerous  sj)ecimens  of  potatoes.  He  finds  that  there  is  a  constant 
ratio  l)et\veen  the  total  amount  of  phosphoric  acid  contained  in  the 
entire  plant  and  the  starch;  there  is  a  similar  ratio  between  the  starch 
and  the  mineral  substances  which  are  absorbed,  exclusive  of  silica; 
there  are  crreat  differences  in  the  proportions  of  the  principal  alkalies, 
but  the  quantity  of  sulphuric  acid  necessary  to  saturate  all  the  bases  is 
sensiblv  the  same. — Comptes  Rendus.  C. 
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AX  ADAPTATIOX  of  BESSEMER   PLANT  to  thi:    IJASIC 

rKCJCESS. 


By  A.  L.  HoLLEV.  Mcml).  Inst.  Civ.  Eng.,  etc. 

Tiu:  Ba.si*    Pkocjes^. 

Jlic  process  of  (k'i)hosphorizii)g  iron  in  the  Ik'ssemer  converter, 
lielcl  in  tliis  c(Mintry  wilder  ])atent.s  of  Thomas,  Snelus  and  lliley, 
is  called,  by  common  consent,  the  Jiasic  Process. 

In  the  ordinary  Bessemer  operation,  when  the  Hame  ''drops,"  a- 
observed  by  the  naked  eye,  or  when  the  carlxin  lines  disa])i)e;\r,  a- 
more  accurately  observed  through  the  spectrose<.>pe,  there  still  remain 
in  the  metal  some  hundredths  of  a  per  cent,  of  carbon,  als<j  of  silicon, 
also  all  the  ph()Sj)horus  which  the  metal  originally  contained.  Further 
blowing  would  (txidize  tlie  iron  itself.  But  it"  the  slag  in  the  conver- 
ter, instead  of  being  acid  (chiefly  silica),  as  in  the  ordinary  oj)eration. 
is  basic  (chiefly  lime),  a  small  part  of  the  j)liosphorus  will  be  found  in 
the  slag,  instead  of  in  the  metal,  when  the  Hame  drops.  .Vnd  if  the 
blowing  is  further  continued  for  two  or  three  minutes,  all  the  |>hos- 
j)horus,  excepting  a  few  liundredths,  will  be  found  in  the  slag,  and  the 
iron  will  not  have  been  much  oxidized;  it  will  have  been  protected  l»y 
the  phosphorus.  Chemists  disagree  as  to  the  precise  reactions  which 
occur;  we  suppose  that  ])hosphorus  is  always  oxidizeil  by  the  air 
blast,  and  that  it  constantly  returns  to  the  iron,  in  presence  of  an  acid 
slag;  we  know  that  a  l)asic  slag  retains  the  i)hosphorus,  however  it 
may  have  got  it. 

The  basic  process,  therefore,  consists  of  two  things:  First,  the  main- 
tenance of  a  basic  slag;  second,  tlie  "afterblow." 

First.  The  basic  slag  is  formed  by  the  addition  of  about  twenty 
])er  cent,  of  lime  to  the  iron  charge  in  the  converter  bfioiv  or  durinu 
the  blowing.  The  basic  slag  is  )ii(ii)i((iiu(tl  t-hieflv  l>v  making  the  con- 
vt'rter  lining  of  lime,  and  also  by  using  iri>n  l<»w  in  silicon.  An  acid 
lining  woidd  be  destroyed  by  the  lime  additions,  and  would  vitiate 
the  slag.  The  latter  residt  would  be  produced  also  l)v  silica  formed 
bv  the  oxidation  ol"  the  silicon  in  the  inm.  The  si'and  difficultv  ha> 
been  the  limited  durability  of  the  basic  lining.  After  much  ctotly 
experimenting,  practicable  linings  have  been  made  of  dolomite  brick< 
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— bricks  formed  bv  wetting  and  moulding  pulverized  magnesian  lime- 
stone and  then  burned  at  the  highest  attainable  temperature.  The 
magnesia  prevents  the  bricks  from  crumbling  wlien  exposed  to  the  air. 
Linings  are  also  formed  by  ramming  hard-burned,  pulverized  dolo- 
mite, mixed  with  ten  per  cent,  of  tar,  into  the  converter.  Ordinary 
fire-brick  tuyeres  are  used  in  lime  bottoms,  or  the  bottoms  are  rammed 
around  rods  which  form  tuyere-holes. 

Second.  The  afterblow  })resents  little  difficulty;  its  duration  is 
soon  determined  for  any  grade  of  material  and  products. 

In  order  that  tlie  phosphorus  may  be  thoroughly  removed — it  seems 
rather  paradoxicid  to  say — there  must  be  plenty  of  it.  Silicon,  the 
chief  heat-giver  in  the  ordinary  process,  must,  as  we  have  seen,  be 
kept  low.  Phosphorus  is  also  a  heat-giver,  but  there  must  be  enough 
I  if  it  to  maintain,  by  its  combustion,  perfect  fluidity  in  nearly  pure 
iron.  At  a  lower  temperature  the  Bessemer  process  could  not  becctm- 
l»leted.  Iron  best  adapted  to  the  basic  process  has  two  to  tw<»  and 
one-half  per  cent,  of  phosphorus  and  under  one  per  cent,  of  silicon, 
also  one  and  one-lialf  to  two  and  one-half  per  cent,  of  manganese — a 
heat-giver  and  a  valuable  ingredient  in  steel — but  the  manganese  may 
be  dis})ensed  Avith  at  this  stage  of  the  operation.  The  afterblow  com- 
pletely removes  silicon  and  reduces  other  impurities. 

Spiegeleisen,  or  ferro-manganese,  are  added  to  the  blown  metal,  l)ut 
most  of  the  slag  is  first  poured  out  of  the  converter,  so  that  tlie  man- 
ganese shall  not  carry  the  phosphorus  out  of  the  slag  to  the  iron. 
Otherwise  the  process  is  conducted  in  the  usual  manner. 

In  nearly  all  parts  of  the  United  States  there  are  i)hosphoric  ores 
adapted  to  the  basic  process.  They  are  usually  cheap,  and  in  some 
regions,  of  the  South  especially,  they  are  so  abundant,  and  so  asso- 
ciated with  coal  and  limestone,  that  the  manufacture  of  cheap  steel  is 
likely  to  become,  in  such  localities,  a  vast  and  important  industry. 

The  maintenance  of  refractory  linings  in  Bessemer  converters,  in 
such  a  way  as  to  promote  regular  and  maximum  production,  has  been 
the  subject  of  more  experimenting  than  any  other  feature  of  the 
Bessemer  system,  and  it  is  still  the  least  perfect  and  satisfactory 
feature,  excepting  perhaps  the  casting  of  steel.  Linings  are  not  only 
eroded  by  the" mechanical  action  of  the  charge,  but  they  are  chemically 
decomposed  by  its  various  slags.  The  silica  linings  usually  employed 
have,  indeed,  been  so  improved  that  an  average  of  say  sixty  charges 
per  twenty-four  hours  can  be  got  out  of  a  pair  of  converters,  and  the 
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shiftino;  of  interoliangeablc  converter  bottoms  (containiu<r  tlie  tuyeres) 
is  so  rapid  tliat  it  does  not  delay  production;  but  the  repairing  of  the 
fixed  lining  just  above  the  tuyeres,  where  both  mechanical  and  chemical 
action  are  most  severe,  is  frequently  the  cau.se  of  delay,  and  the  oper- 
ation rapidly  performed  between  heats  is  tedious  and  costly.  The 
accumulati«Mis  of  slag  on  other  parts  of  the  lining  must  also  Ije 
quarried  out,  else  the  converter  will  become  too  small  for  the  charge 

These  are  the  conditions  of  maintaining  silica  linings:  but  the  diffi- 
culties are  increased,  probaijly  about  threefold,  when  the  linings  are 
made  of  lime,  for  the  basic  process.  The  basic  process  consists  in  remov- 
ing phosphorus  from  the  iron  under  Ireatment  by  retaining  the  jihos- 
phorus  oxidized  by  the  blast,  in  a  basic  slag  formed  of  say  twenty  per 
cent,  of  lime  added  to  the  charge.  An  acid  (silica)  lining  w<»uld 
vitiate  the  basic  slag,  and  would  also  be  rapidly  destroyed  by  it. 
Lime  containing  .some  magnesia,  and  produced  Ity  burning  magnt-sian 
lime.stone  ((h^hjinite),  is  at  present  the  only  l)asic  material  succes-fully 
u.sed  for  converter  linings.  It  is  usually  made  into  bricks,  which  are 
hard  burned  and  l)uik  up  with  m<»rtar  of  similar  material  to  form 
the  lining. 

Basic  bottoms  and  tuyeres  .stand  ten  to  fifteen  charges,  nearly  equal- 
ing acid  bottoms,  and  they  may  be  readily  changed;  but  basic  linings, 
near  the  tuyeres,  and  also  in  other  parts  where  abrasion  is  severe,  wear 
rapidly  and  must  be  fre<|uently  repaired  by  cooling  the  converter  and 
inserting  new  bricks,  or  patching  in  some  suitable  manner.  Thf  con- 
verter is  thus  i)ut  out  of  use  for  at  least  twenty-four  hours — a  very 
serious  delay  to  production.  From  a  wide  observation,  the  author  feels 
.safe  in  saying  that  a  basic  lining  is  rarely  run  above  sixty  charges 
without  extensive  repairs,  and  in  .some  works  repairs  are  made  every 
time  a  bottom  is  set.  AVith  .some  irons  there  is  also  an  accumulation 
of  slag  around  the  mouth  (»f  the  converter;  its  removal  sometime^  also 
causes  further  delay. 

The  output  of  a  pair  of  converters  in  Europe  averages  about  half 
that  of  a  pair  of  converters  of  the  same  size-  in  the  United  State-,  and 
is  often  less  than  half.  The  limited  endurance  of  basic  lining-  in 
Euro})e  i.s,  therefore,  a  less  conspicuous  defect  than  it  is  here,  where 
one  converter  must  make  25  or  30  charges  in  twentv-four  hours,  so 
that  the  repairs  of  basic  linings,  as  at  present  conducted,  would  keep 
an  American  i)lant  idle  half  the  time.     This  delay  is  really  as  impor- 
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taut  ill  Europe  as  it  is  here;  the  greater  tlie  output  from  a  given  plaut, 
tlie  cheaper  the  product.* 

In  order,  therefore,  that  the  basic  process  may  come  into  extensive 
use,  basic  iinings  must  l)e  so  maintained  that  their  outj)ut  will  nearly 
equal  that  of  acid  linings. 

There  are  two  reasonable  conditions  of  improvement:  the  one  is  to 
2)rolong  the  endurance  of  basic  materials,  so  that  their  repairs  can  be 
made  with  little  delay,  while  the  converter  is  in  position  for  use. 
There  seems  to  be  little  or  no  progress,  or  probability  of  immediate  pro- 
gress in  this  direction.  Tlie  other  is  the  rapid  and  complete  removal  of 
ii  worn  lining  and  the  re])lacenient  of  a  repaired  one.  A  third  system, 
seriously  proposed,  is  to  double  or  treble  the  entire  converting  plant. 
The  only  practicable  way  to  replace  a  refractory  lining  (which  cannot 
be  Iiandled  by  itself)  is  to  replace  the  vessel  which  contains  it.  The 
worn  portions  of  the  lining  may  thus  be  repaired  at  leisure,  in  another 
part  of  the  works,  rather  than  in  ])osition  for  use,  where  repairs  would 
retard  output. 

An  oljvious  way  to  replace  an  entire  converter  lining  is  to  replace 
tlie  eutire  converter.  This  system  is  already  under  construction  in 
Europe.  The  method  is  also  obvious — lifting  the  converter  bodily 
owl  of  its  pillow  blocks,  and  conveying  it  to  the  repair  shed  by  means 
of  an  overhead  traveler;  then  setting  a  repaired  converter  in  place  by 
the  same  means.  Such  a  plant  is  doubtless  cheaper  than  a  duplicate 
plant,  and  its  output  should  be  materially  greater  than  that  of  fixed 
converters.  But  the  operation  of  changing  an  entire  converter  must 
be  slow  and  tedious.  When  the  arrangement  is  such  that  pillow  block 
caps  are  required,  these  must  be  loosened  by  unscrewing  heavy  nuts; 
then  they  must  be  made  fast  to  the  crane  chain,  lifted,  traversed  and 
set  down.  The  blast  pipe  connection  must  be  broken,  and  possibly 
.some  platforms  must  be  removed.  Then  the  traveler  is  ])laced  exactly 
centrally  over  the  converter,  ponderous  chains  are  made  fast,  the  mass 
is  raised  high  enough  to  clear  surrounding  parts,  and  drawn  laterally 
to  the  repair  shed;  then  the  converter  is  ]>laced  centrally  over  its  seat 
and  lowei-ed  and  steadied  (as  it  swings  from  a  chain)  into  its  pillow 

*  The  statement  sometimes  made  in  England  that  the  j-apid  production  in  America 
impairs  quality  of  product  is  but  a  cover  for  inadequate  ])lant.  Steel  is  ob^dous'y  no 
better  because  five  hours  instead  of  one  are  consumed  in  setting  a  vessel  bottom,  or 
because  it  may  take  twice  as  long  in  an  English  works  to  handle  materials  and 
product. 
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blocks.  Tlie  repaired  converter  is  rai-ed,  traversed  aii<l  <et  in  place 
bv  repeatiiiir  all  these  ()])eration.s;  tiie  blast  eoniieetioii  is  then  nia<Ie, 
and  the  jtiilow  block  caps  are  lifted,  traversed,  steadie<l  into  place  and 
screwed  down.  If  the  converter  is  removed  in  sections,  tninsterriiiir 
eacli  section  and  making  the  refractory  joints  will  occn|»y  nnich  more 
time.  The  chimneys  and  the  (»penings  in  the  side  of  the  Ijuihling 
must  be  high  enough  to  make  passige  not  oidy  for  the  traveler  but  tor 
the  converter  when  lifted  out  of  its  seat,  and  for  the  chains  that  -n>tain 
it.  A  traveler  of  the  required  power,  height  and  length  is  obviou-ly 
a  j)onderous  and  costly  structure,  and  to  work  with  reasonable  s|>eed 
it  must  have  independent  steam  power — the  hydraulic  system  of  thf- 
works  cannot  well  reach  it. 

The  method  of  replacing  the  lining  proposed  l»y  the  author,  and 
shown  in  the  engravings,  [<■  remoriiif/  only  flu  .s-Ac// (»t"  the  converter ; 
lowering  it  out  of  the  trunnion  ring  easily  and  rapi«lly,  by  means  of  a 
sim[)le  lift  and  car,  and  re[)lacing  a  repaired  shell  by  the  same  mean-. 
No  pillow  bliK'k  caps,  bla-st  connections,  nor  other  surrounding  part- 
are  touched;  a  dozen  cottei*s  are  knoc-ketl  out,  the  shell  is  lowered  and 
run  straight  back  to  the  repair  shed,  the  new  shell  is  run  in,  lifted  and 
cottered  on ;  this  is  all.  The  machinery  and  transference  are  on  the 
general  level,  and  not  forty  feet  or  more  up  in  the  air.  The  ciw  may 
be  moved  by  a  small  revei'sing  engine  or  by  a  hydraulic  ctipstan.  by 
means  of  a  wire  rope  and  sheaves  suital)ly  arranged.  The  vnv  run- 
against  a  stop,  anJ  the  lift  is  perfectly  vertical,  so  that  the  shell  may 
be  put  in  place  by  two  rapid  motions  without  the  delay  of  adjustment. 

The  lining  may  be  heated  before  the  shell  is  put  in  place,  ami  liottom- 
(and  tuyeres)  may  be  separately  removed,  as  at  prese'ut,  or  they  may 
be  taken  away  with  the  shell  and  repaired  without  removal  tVom  it. 
In  the  latter  case,  the  shell  nuist  Ije  placed  in  trunnions,  in  the  repair 
shed,  so  that  the  bottom  may  be  turne<l  downward  for  repair.-.  I'ut 
if  the  bottom  is  first  removed,  the  shell  need  not  be  placed  in  trunnion- 
in  the  repair  shed;  the  shell  will  stand  mouth  downwanl  on  the  <-ar. 
a  position  most  favorable  for  repairing  both  the  mouth  and  the  lining 
about  the  tuyeres,  which  are  the  two  places  chieHy  nceiling  repair-. 
This  is  doubtless  the  better  plan,  and  it  savts  the  c-<»st  of  supplementary 
trnmiion  rings  and  turning  gear.  The  i-ngravings  <ho\v  the  converter 
hung  so  high  above  the  general  level  that  the  bottom  and  tuyere  box 
can  be  hauletl  out,  with   the  shell,  under  tlif  tniniiion   rin«i.      In  rn-e 
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the  bottom  is  previously  removed,  the  converter  may  be  hung  some 
three  feet  lower.  • 

It  has  been  remarked  that  in  American  works  converter  bottoms  are 
changed  so  rapidly  that  one  is  always  ready,  even  when  tuyeres  stand 
but  eight  or  ten  operations.  Changing  converter  shells  is  much  more 
rapid  than  changing  bottoms.  The  several  operations  of  removal  and 
transportation  are  the  same,  but  the  converter  lining  must  be  trimmed 
out  to  receive  the  new  bottom,  and  a  refractory  joint  must  be  made. 
The  new  shell  has  merely  to  be  cottered  on. 

The  comparative  cheapness  of  apparatus  to  change  the  shell,  instead 
of  the  entire  converter,  is  obvious.  The  two  hydraulic  lifts  for  remov- 
ing the  bottoms  are  made  heavier,  and  there  are  several  cars  of  simple 
construction ;  this  is  the  entire  extra  apparatus.  The  increased  cost  of 
the  converters  is  not  important.  In  the  other  case,  the  traveler  with 
its  engine,  and  the  standards  and  turning  gear  in  the  repair  shed,  and 
the  trunnion  rings  and  pinions  (the  chief  cost  of  the  converters)  for 
each  spare  shell,  approach  in  expense  that  of  a  duplicate  plant 
complete. 

But  one  objection  has  l)een  raised,  as  far  as  the  author  is  aware,  to 
the  plan  proposed,  and  that  is  the  possibility  of  damage  to  the  lift 
under  the  converter,  in  case  the  charge  should  burn  through  and  fall 
upon  it.  To  avoid  such  damage,  the  lift  table  may  be  sunk  several 
inches  below  the  pit  level  and  covered  with  sand.  It  may  be  remarked 
that  lifts  under  converters  are  used  in  nearly  all  the  American  works 
with  satisfactory  results. 

The  engravings  illu.strate  the  construction  and  arrangement  so  fully 
that  little  explanation  is  required.  The  trunnion  ring  (Figs.  1  to  4) 
is  of  cast  iron,  with  an  inch  wrought  iron  lining;  or  it  may  better  be 
a  steel  casting,  which  will  not  require  a  lining.  There  is  a  two-inch 
annular  space  between  the  trunnion  ring  and  the  converter  shell,  and 
the  shell  is  prevented  from  shifting  laterally  by  means  of  the  wedges 
shown  in  Fig.  I.  The  car  is  raised  by  the  lift  to  receive  the  shell;  or 
the  shell  may  be  lowered  by  means  of  a  fork  on  the  lift  passing- 
through  the  car. 

This  construction  of  converters  has  led  the  way  to  a  general 
improvement  in  the  design  of  the  plant.  The  shells  and  bottoms 
may  be  run  out  laterally  into  the  converting  house,  but  the  space  here 
is  insufficient  for  convenient  repairs,  and  the  shells  for  one  converter 
could  Jiot  be  well  got  to  the  other.     In  order  that  there  may  be  one 
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common  place  for  repairs,  and  amj)le  room  botli  for  spare  shells  and 
spare  bottoms,  they  must  be  run  out  in  rear  of  the  converters,  a.- 
shown  in  Fig.  8.  If  blast  furnace  metal  is  brought  directly  to  the 
converters  this  rear  space  is  not  otherwise  wanted ;  but  if  cupolas  art- 
placed  there,  as  is  usually  the  case,  they  mu.st  be  .so  arranged  that  the 
.shells  can  pa.ss  out  under  them. 

But  the  cupolas  (excepting  the  .spiegel  cupola.s)  may  best  be  ])laced 
elsewhere ;  if  tliere  are  blast  furnaces  the  cupolas  may  be  so  arranged 
near  them  as  to  utilize  the  .same  .sy.stem  of  transportation,  hoisting, 
blowing  and  hot  blast.  There  should  be  plenty  of  spare  gas  from 
good  furnaces  to  heat  cupola  blast.  These  are  very  important  consid- 
erations, regarding  both  cost  of  plant  and  economy  of  working;  and, 
judging  from  the  experience  at  many  works,  the  disadvantages  of 
hauling  fluid  iron  some  thousands  of  feet  in  a  railway  ladle  are  less 
than  those  due  to  crowding  the  melting  de})artment  and  its  .stock  yard 
and  appurtenances,  close  behind  the  converters.  Fluid  iron  is  hauled 
from  one  to  two  miles*  without  chilling;  it  need  usually  be  hauletl 
but  a  few  hundred  feet,  aixl  the  co.st  of  the  tran.sporting  j>lant  and 
.service  should  be  about  the  same  for  the  two  systems.  There  are  two 
important  advantages  in  the  arrangement  shown  by  the  engravings : 

1.  Placing  only  the  spiegel  cupolas,  instead  of  the  entire  melting 
department,  clo.se  behind  the  converting  house  leaves  its  rear  compara- 
tively open  to  free  ventilation,  thus  cooling  not  only  the  space  around 
the  converters,  but  also  the  casting  pit. 

2.  This  arrangement  provides  ample  room  for  the  convenient 
removal  of  slag,  whidi,  in  the  basic  process,  is  very  voluminous ;  one 
long  dumping  ear  placed  under  both  the  converter  and  the  ladle 
catches  it  all,  and  as  the  bottom  of  the  pit  is  on  the  general  level,  the 
slag  is  neither  handled  nor  lifted  ;  the  car  is  simply  hauled  out  by  the 
yard  locomotive  and  dumped.  Experts  well  know  the  cost  and  incon- 
venience of  breaking  up  and  quenching  slag  in  the  pit,  and  of  lifting 
it  out  of  the  pit,  and  then  loading  and  removing  it. 

Iron  may  be  got  to  the  converters  in  a  ladle  by  various  imaiis.  It 
may  be  hauled  on  the  general  level  to  one  or  more  hoi.sts,  and  run 
into  short  spouts  or  directly  into  the  converter  mouths,  or  it  may  be 
drawn  uj)  a  gradual  incline  or  lifted  by  a  hoist  to  an  elevated  railway 
near  the  converters,  and  thence  tipped  or  tapped  into  them  directly  or 


*  At  tlie  Barrow  Works  it  is  hauled  two  miles ;  at  Ebhw  Vale  some  five  miles. 
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throna:h  spouts.  The  short  elevated  railway,  as  shown  in  Fig  7,  has 
one  conspicuous  advantage — it  is  out  of  the  way  of  all  other  appara- 
tus and  operations ;  it  does  not  cross  railways  nor  interfere  with  any 
transportation  on  the  general  level.  This  is  an  important  feature 
Avhen  a  charge  is  made  every  20  to  30  minutes.  The  ladle  is  drawn 
by  a  locomotive  to  short,  steep  spouts  leading  to  the  converters;  there 
is  no  lateral  or  hand  movement,  and  hence  no  delay.  A  spout  leads 
to  each  converter,  chiefly  for  the  purpose  of  leaving  the  space  between 
the  converters  (where  the  common  spout  is  usually  placed)  quite  free 
for  the  si)iegel  ladle. 

The  Spiegel  cupolas  and  their  appurtenances  occupy  so  little  room 
that  they  are  i)laced,  without  interference  with  other  apparatus,  very 
near  and  above  the  converters.  A  railway  ladle  receives  the  Spiegel 
from  either  cupola  and  tips  it  directly  into  the  converter,  quickly  and 
hence  completely,  by  a  short  run  and  without  hoisting  or  lateral 
movement.  It  may  be  weighed  in  transit  if  desired.  The  wide  ]ilat- 
form  between  the  converters  is  at  other  times  free  for  bringing  lime, 
scrap  or  other  materials  to  the  converter  mouths,  and  these  materials 
are  conveniently  raised  by  the  cupola  hoist. 

The  floor  of  the  converting  house  is  raised  a  few  feet,  so  that  the 
pit  bottom  may  be  on  the  general  level,  for  the  convenient  removal  of 
slag,  as  before  explained.  The  ground  outside  of  the  converting 
house  slopes  gradually  to  the  general  level.  This  facilitates  the 
removal  of  products  and  also  the  drainage. 

The  plant  for  repairing  shells  consists  of  two  turn  tables,  some 
short  railways  and  a  shed ;  also  .some  platforms  and  a  lift  for  mate- 
rials. If  bottoms  are  to  be  removed  Avith  the  shells  there  must  also 
be  mounted  trunnion  rings  and  turning  gear;  also  a  crane  in  the  shed  ; 
but,  as  before  explained,  this  seems  unnecessary.  Room  is  shown  for 
repairing  four  shells  at  a  time,  but  the  railways  may  be  lengthened  to 
accommodate  more.  The  plant  for  repairing  bottoms  consists  of  short 
railways  and  turn  tables,  a  space  for  ramming  bottoms  under  a  shed 
and  the  necessary  ovens  for  drying  them ;  also  a  crane,  which  sets  the 
bottoms  directly  on  the  oven  cars.  If  ordinary  tuyeres  are  u.sed  fewer 
ovens  are  required ;  if  the  bottom  is  all  one  tuyere,  rammed  around 
rods,  it  must  be  burned  lor  two  or  three  days,  so  that  more  and  hotter 
ovens  are  necessary.  The  repairing  department  may  obviously  be 
arranged  in  other  ways  to  suit  special  cases. 

The  average  output  of  the  American  plant,  having  two  6-ton  to  7- 
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ton  silica  lined  converters  in  one  pit,  is  100,000  tons  of  ingots  per 
year.  It  will  doul)tless  appear  that  the  plant  under  consideration 
should  produce  even  more,  with  basic  linings,  because  it  hits  KJ-ton 
converters,  and  means  of  keeping  one  of  them  in  constant  repair,  so 
that  the  converting  operations  may  follow  one  another  without 
interruption. 

Recupitulatioii. — 1.  The  endurance  of  basic  linings  is  so  small  that 
the  ordinary  system  of  repairs  would  reduce  the  output  of  an  Ameri- 
can plant  about  one-half. 

2.  The  only  adequate  system  of  repairs,  with  existing  basic  refrac- 
tory materials,  is  to  remove  and  replace  linings  l)odily  by  removing 
and  replacing  the  vessels  containing  them. 

3.  Changing  converters,  trunnions  and  all  requires  very  costly  appa- 
ratus, and  much  labor  and  time  in  disconnecting  parts  and  in  making 
the  transference. 

4.  Changing  only  ihe  shells  of  converters  (leaving  the  trunnions 
and  their  connections  undisturbed)  requires  only  cheap  and  simple 
apparatus,  and  the  operation  may  be  performefl  so  quickly  that  basic 
linings  will  give  the  maximum  out[)Ut  of  acid  linings. 

5.  Leaving  the  building  open  in  rear  of  the  converters,  instead  of* 
placing  the  melting  department  there,  gives  good  ventilation  and  ample 
space  for  bottoms  and  shells  to  be  run  out  for  repaire  and  for  slag  to 
be  removed  from  the  pit.  The  cupolas  (excepting  the  spiegel  cupolas) 
may  be  placed  elsewhere,  especially  by  adjacent  blast  furnaces;  and 
melted  metal  may  be  transported  thousands  of  feet  without  difficulty. 

6.  Placing  the  pit  bottom  on  the  general  level  allows  slag  to  be 
hauled  away  directly,  without  rehandling  or  lifting.  The  elevation  (,>f 
the  converting  house  floor  thus  produced  facilitates  the  removal  of 
products. 

7.  The  metal  ladles  are  brought  in  behind  and  above  the  converters^ 
and  are  discharged  by  separate  spouts,  so  as  to  le;ive  the  space  lietween 
the  converters  open  for  a  short  run  of  the  spiegel  ladle,  and  of  lime 
and  other  solid  materials  to  be  charged. 

8.  The  spiegel  cupolas  are  placed  near  and  above  the  converters,  so 
that  the  metal  may  be  run  in  quickly  and  conq)letely,  without  vertical 
or  lateral  movement,  by  means  of  a  ladle  car. 

9.  The  repairing  plant  is  conveniently  placed  in  rear  of  the  con- 
verting house,  but  it  may  obviously  be  moditieil  in  extent  and  position, 
to  suit  local  circumstances. 
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THE  VALUE  OF  THE  STUDY  OF  THE  MECHANICAL 
THEORY  OF  HEAT. 


By  Alfred  R.  Wolff,  M.E. 

A  Paper  read  before  the  American  Society  of  Mechanical  Engineers,  Nov.  5th,  1880. 


In  i)resenting  a  few  remarks  on  the  value  of  the  study  of  the 
mechanical  theoiy  of  lieat,  I  am  imbued  with  the  knowledge  of  two 
facts :  of  the  importance  and  value  of  the  study  on  the  one  hand,  and 
of,  in  general,  a  lack  of  jjroper  appreciation  among  engineers  of  this 
point  on  the  other.  There  are  doubtless  few  among  educated  engineers 
who  would  not  admit  that  the  acquisition  of  any  form  of  knowledge 
is  of  value,  not  only  as  a  training  of  the  mind  but  as  an  addition  to 
our  understanding  of  the  laws  and  working  of  the  universe  and  man- 
kind ;  few  who  would  deny  that  the  study  of  literature,  of  social  or 
politico-economic  sciences  would  be  of  benefit  to  them,  though  of  limi- 
ted inlluence  in  the  practice  of  their  profession. 

From  pei-sonal  experience,  as  well  as  from  the  experience  of  others, 
I  am  lead  to  believe  that  engineers,  as  a  class,  look  upon  the  know- 
ledge of  the  mechanical  theory  of  heat  not  much  unlike  than  that  of 
the  department  of  "  belles-lettres,"  as  possibly  adding  to  refinement, 
to  a  broader  view  of  things  in  general,  to  a  fair  drilling  of  the  mind, 
but  of  no  practical  or  only  slight  practical  value  in  the  ordinary,  or 
even  extraordinary,  exerci.se  of  their  profession.  I  am  not  prei)ared 
to  say  that  were  the  grounds  above  enumerated  the  only  ones  upon 
which  the  study  could  be  urged,  that  a  strong  argument  in  favor  of  its 
more  general  introduction  could  not  justly  be  maintained ;  but  this 
question  does  not  ari.se  since  tiie  more  general  introduction  of  the 
science  can  be  presented  to  the  engineer  on  the  ground  of  direct,  prac- 
tical utility,  for  the  purposes  of  correctly  appreciating  and  increasing 
the  efficiency  of  a  large  department  of  his  profession,  that  department 
which  treats  of  the  transformation  of  the  latent  or  active  forces  or 
powers  of  nature  in  a  form  suitable  for  application  as  motive  power 
for  utilization  in  machinery  designed  to  do  the  desired  special  work, 
or,  in  other  words,  to  that  department  which  relates  to  the  generation 
of  the  working  fluid  or  motive  power,  and  the  work  performed  by  the 
medium  of  such  fluids  in  prime  movers.     It  is  on  this  ground  that  I 
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would  urge  the  more  general  acquisition  of  the  .science  of  thermo- 
dynamics, and  to  insure  conci.seness  a.s  well  as  a  ready  conception  of 
my  views,  I  will  only  briefly  outline  the  thoughts,  giving  as  it  were 
their  direction,  and  leave  it  to  you  to  give  them  force,  that  is,  to 
develop  them  more  fully  as  your  own  understanding  ami  experience 
will  best  suggest. 

Thermo-dynamics  or  the  mechanical  theory  of  heat  is,  as  the  name 
implies,  the  science  of  the  laws  of  heat  considered  as  a  form  of  energy. 
It  is  biu<ed  upon  two  great,  general  laws,  the  one  that  all  forms  of 
energy  are  mutually  convertible  in  certain  exact,  invariable  equivalents, 
the  other  that  the  quantity  of  energy  in  a  homogeneous  ."^ubstance  is 
€(iual  to  the  sum  of  the  energy  of  its  component  parts,  and  that  equal 
parts  of  a  homogeneous  substance  when  undergoing  a  change  <tf,  or 
exerting,  energy  undergo  like  changes,  and  exert  like  effects.  The 
application  of  these  two  fundamental  laws  of  energetics  to  heat  con- 
stitute the  determination  of  the  two  general  laws  of  thermo-dynamics, 
which  are  the  basis  of  the  whole  science,  and  of  which  the  science  is 
in  fact  but  an  extension  and  ajiplication  to  forms  of  heat  energy,  latent 
or  active,  met  with  in  nature  and  valuable  in  j)ractice.  For  after  all 
what  is  theory  but  practice  reduced  to  a  connected  system  of  laws  or 
principles.  Without  fact.^,  without  phenomena,  in  short,  without  i)ra<'- 
tice  as  a  foundation,  how  could  theory  ever  be  conceived  or  established  '! 
In  ordinary  discission  but  little  attention  is  paid  to  the  distinction 
between  theory  and  hypothesis,  and  nothing  has  prove<l  more  disas- 
trous to  a  general  appreciation  of  theory  than  the  repeate<l  misuse  ol" 
the  term.  Theory  is  based  <jn  facts,  hypothesis  on  speculation,  hypo- 
thesis changes  to  theory  when  speculation  changes  to  facts.  The  two 
special  laws  of  thermo-dynamic.'*,  upon  which  the  whole  .science  is 
elaborated,  to  which  we  refer  are :  that  heat  is  convertible  to  other 
forms  of  energy  in  the  relation  of  what  is  known  as  Joule's  equiva- 
lent, that  i.s,  that  one  thermal  unit  (the  (plant ity  of  heat  required  to 
rai.se  one  pound  of  water  at  39-4°  Fahr.,  one  degree  in  temperature)  is 
e(pial  to  the  energy  reijuired  to  raise  772  lbs.  1  foot,  or  that  772  ll)s. 
falling  1  foot  will  develop  sufficient  hciit  to  raise  1  lb.  of  water  at  its 
greatest  density  1  degree.  The  second  is  that  if  the  tot;U  actual  heat 
of  a  homogeneous  and  uniformly  hot  body  undergo  a  change  or  exert 
energy,  equal  parts  of  the  body  will  undergo  equal  changes  and  exert 
like  etfects,  the  sum  of  the  etfects  of  the  component  jnirts  being  et^ual 
to    the    total  etfect.      This  law  is   more  popularly  iilentitied   in   the 
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form  of  Carnot's  tlieorem,  a  special  application  to  heat  engines,  that 


or 


-J  is  the  limit  of  efficiency  of  such  engines,  and  that  the 


T 

test  of  a  perfect  engine  is  its  reversibility,  q  and  T  represent  respec- 
tively the  quantity  of  heat  and  absolute  temperature  of  the  (any)  fluid 
when  leaving  the  generator,  and  q^  and  Ji,  respectively,  the  quantity 
of  heat  and  absolute  temperature  of  the  fluid  when  given  oif  to  the 
refrigerator :  q — q,  when  entirely  converted  into  useful  work  causing 
the  engine  to  become  theoretically  perfect. 

The  above  outlines  the  foundation  and  framework  of  a  great  science. 
It  is  strong  and  simple,  and  in  its  strength  and  simplicity  beautifuL 
The  structure  and  superstructure  are  equally  strong,  e(piany  beautiful, 
but  not,  however,  equally  simple.  If  this  were  the  case  there  would 
be  little  need  of  the  presentation  of  papers  of  this  kind,  for  the  great 
value  of  the  science  woidd  be  univei*sally  acknowledged.  It  is  a  com- 
mon experience  that  the  mass  of  mankind  primarily  pronounce  that 
which  is  difficult  to  attain  as  not  worthy  of  attiiinment,  primarily  too 
often  look  upon  those  who  have  mastered  the  difficult  with  scornful 
or  doubting  eye,  until  the  achievement  of  the  difficulty  by  the  few  has 
brought  forward  such  valuable  results,  such  striking  truths,  so 
influences  the  ordinary  experiences  and  our  concej)tion  of  facts  in 
nature  or  in  our  professions,  that  the  worthiness  and  value  of  the  attain- 
ment can  no  longer  be  denied  and  must  be  definitely  accepted.  That 
point  has  now  undeniably  been  reached  in  thermo-dynamics,  and  the 
sooner  we  concede  it  the  better.  The  sooner  we  admit  that  we  must 
study  and  explore  the  science  of  heat  energy  in  its  higher  form,  the 
sooner  will  we  advance  in  our  profession  and  contribute  to  its  progress. 
It  will  be  my  aim  to  recall  a  few  of  the  practical  applications  in  engi- 
neering of  the  jjrinciples  which  thermo-dynamics  has  established,  and 
thus  to  give  an  illustration  or  rather  indication  of  its  value.  But  before 
doing  so  to  be  strictly  conscientious,  I  must  refer  to  the  difficulties  to 
be  met  with  in  the  study  in  its  higher  form.  Professor  McCulloch 
says:  "Anv  one  acquainted  with  only  the  elements  of  analytical  geo- 
metry, and  of  the  fluxional  calculus,  should  find  no  difficulty  in  under- 
standing all  it  contains.  In  this  country,  however,  scientific  education, 
as  well  as  classical,  has  unfortunately  retrograded;  and  suj)erficiality 
is  the  fashion  of  the  day.  Hence,  some  anxious  for  scientific  know- 
ledge, with  the  least  labor  and  in  the  shortest  time,  imagine  it  might 
be  well  in  scientific  literature  to  dispense  with  the  calculus.     To  them 
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Jio  better  advice  can  be  given  tlmn  to  begin  by  studying  it  tliorouglily, 
if  they  would  reasonably  hope  ever  to  comprehend  much  which  would 
otherwise  be  unintelligil^le." 

These  elements,  however,  must  be  firmly  fixed  in  the  mind,  and 
thermo-dynamics  nlay  justly  be  considered  a  th<jrough  test  of  such 
a  knowledge.  When  beginning  the  study  of  the  subject,  I  thought  J 
liad  fairly  mastered  calculus,  while  engaged  in  its  acquisition  I  found 
I  was  a  mere  novice,  and  such  too  has  been  the  experience  of  a  few  of 
my  friends  who  have  already  progressed  and  done  good  work  in  the 
science.  But  let  us  not  be  deterred  from  the  ac(piisition  of  a  valual)le 
subject  because  of  its  difficulty.  This  really  incites  a  jierson  to  a  iiard 
efibrt,  and  the  gratification  which  the  mastering  of  an  important  ])oint 
gives,  forms  an  incentive  to  further  advance  which  acts  more  potently 
than  the  repulsive  part  of  the  difficulty.  Let  us  not  accept  the  valualde 
})rinciples  reached  without  making  at  least  an  honest  effort  to  follow 
the  masters  who  have  discovered  them,  and  thus  make  the  principles 
in  reality  our  own.  But  if  our  com])reliension  and  efforts  will  not 
permit  us  to  do  this,  let  us  not  cry  down  the  methods  by  which  thev 
were  attained,  and  let  us  study  the  principles  themselves  thoroughly. 

There  is  a  wonderful  harmony  in  nature — without  it  all  scientific 
research  would  be  of  no  avail.  There  are  certain  great  invariable 
laws,  some  determined  and  many  more  not  yet  conceived,  but  in  our 
faith  in  and  knowledge  of  the  reliability  of  those  laws  exists  the  onlv 
safeguard  of  a'dvance.  This  oi)ens  uj)  that  large  realm  of  reasoning 
known  as  "by  analogy,"  and  enables  us  to  determine  thus,  and  by  ana- 
lysis, laws  which  are  not  directly  determinable  from  our  practical 
experiences  or  observed  phenomena.  Heat,  the  observed  and  usuallv 
acknowledged  primary  physical  source  of  all  energy  (though  gravita- 
tion might  on  some  good  grounds  be  selected  as  our  })resent  ultimatum) 
beautifully  illustrates  this  harmony  when  consideretl  as  energv,  and 
thus  i>restTibes  laws  which  are  afterwards  verified  in  practice,  and  to 
which  practice  conforms  and  becomes  tlie  embodiment  of.  This  is  tlie 
strongest  ])lea  which  it  seems  to  me  can  be  urged  for  the  careful  studv 
of  the  mechanical  theory  of  heat,  and  we  will  attempt  in  })oint  out 
some  of  the  work  which  has  been  done  in  this  resj>ect,  and  leave  it  to 
your  judgment  to  decide  whether  a  science  whicii  has  already  accom- 
]dished  so  much  is  not  capable,  when  many  able  minds  are  devoted  to 
its  study,  of  an  aj)plication  and   extension  which   is  and  will  be  of 
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incomprehensible  value  in  the  ordinary  practice  of  the  engineer,  and 
which  will  greiitlj  contribute  to  the  advance  of  mechanical  engineerings 

The  specific  heat  at  a  constant  pressure  of  any  permanent  gas  can 
be  ascertained  directly  by  experiment,  not  so  the  specific  heat  at  con- 
stant volume.  Regnault  has  made  accurate  determinations  of  the  spe- 
cific heat  of  such  gases  at  constant  pressure,  and  discovered  certain  laws 
relative  to  the  same,  that  the  specific  heat  of  such  a  gas  is  independent 
of  its  temperature  and  density,  and  the  product  of  the  density  and 
the  specific  heat  is  the  same  constant  for  all  permanent  gases.  From 
the  velocity  of  sound,  independent  of  the  principles  of  thermo- 
dynamics, the  specific  heat  at  constant  volume  for  a  permanent  gas  can 
be  determined,  and  these  two  quantities  when  substituted  in  an 
equation  of  the  theoretical  value  of  the  mechanical  equivalent  of  heat, 
expressed  as  a  function  of  the  pressure,  volume,  dilatability  and  the 
two  specific  heats  of  a  permanent  gas  give  for  this  equivalent  a  theore- 
tical value  which  agrees  with  that  practically  determined  by  Joule, 
and  recently  verified  by  Professor  Rowland.  I  need  not  dwell  upon 
tlie  mathematical  exposition  of  this,  but  reference  to  Stewart  ("  Ele- 
mentary Treatise  on  Heat,"  pages  330  and  412),  Maxwell  ("Theory  of 
Heat,"  pages  169,  228,  and  310),  Cotterill  ("  The  Steam  Engine  con- 
sidered as  a  Heat  Machine,"  page  82),  McCulloch  ("Mechanical 
Theory  of  Heat,"  page  92),  and  Rankine  ("Steam  Engine,"  page  321). 
will  serve  as  a  verification  of  the  above  summation.  Permit  me  to 
call  your  attention  to  this  remarkable  agreement  between  theory  and 
practice.  The  specific  heat  at  constant  volume  is  not  directly  deter- 
minable from  experiment,  so  it  is  developed  from  the  velocity  of 
sound,  and  substituting  these  two  independent  experimental  data  (the 
two  specific  heats)  in  a  theoretical  equation  not  involving  a  previous 
determination  of  the  mechanical  equivalent  of  lieat,  we  ascertain  such 
equivalent  from  correct  theoretical  considerations,  and  it  accords  with 
the  experimental  determination.  What  a  beautiful  correlation  of  the 
d liferent  laws  and  facts  of  nature  do  we  here  perceive  exemplified. 

But  this  will  appear  rather  as  an  illustration  of  the  beauty  and 
symmetry  of  the  science  than  as  a  presentation  of  a  fact  of  direct  utility 
to  the  engineer  in  the  practice  of  his  profession,  and  since  it  is  my  spe- 
cial object  to  call  attention  to  a  few  of  the  latter  class  of  facts,  I  will 
have  to  omit  the  mention  of  the  interesting  relations  between  the  phy- 
sical properties  of  bodies,  such  as  between  the  two  elasticities  and  the 
two  specific  heats,  gaseous  viscosity  and  the   molecular  theory  of  the 
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con.stitution  of  bodies,  all  of  wliicli  tlie  science  teaclie.-^  and  will  at  '•ntv 
refer  to  its  main  application  for  our  own  purposes,  the  work  of  fluid-^ 
in  engines.  It  is  in  tiiis  department  of  our  j>rofession  that  thermo- 
dynamics has  made  the  deepest  imj)re.ssion  in  practice,  and  is  destin».Hl 
to  continue  it  to  a  far  greater  extent.  It  has  taught  us  the  different 
laws  of  expansion  and  work  of  fluids,  and  has  supplied  us  with  the 

j)roper  test  of  the  efficiencv  of  ditferent  forms  of  engines.    — — — -',  the 

limit  of  efficiency  has  enabled  us  to  correctly  appreciate  the  progress 
made,  and  to  definitely  point  out  the  direction  in  which  the  advance 
in  efficiency  and  perfection  of  heat  engines  lie-^.  To  increase  the 
theoretical  efficiency,  T,  the  temperature  of  the  fluid  at  its  entrance  to 
the  cylinder  should  be  rai.sed,  and  T^,  the  tem|>eniture  at  exhaust 
lowered  as  much  as  possible. 

The  application  of  this  principle  t<»  steam  eiigin<'>  iiiiplie.<  liiirli  -team 
pressures  and  great  ex})ansion.     This  was  tried  within  certain  liinits, 
and  the  l)eneficial  results  looked  for  were  not  realized  to  the  extent 
expected.      The    theory  was    .>^till    recognized   as  true  by  those   who 
grasped  it,  but  the  practical  result  had  not  conformed  to  their  expecta- 
tions.    The  nature,  laws  and  action  of  steam  were  thoroughly  investi- 
gated, and  it  became  apparent  that  condensation  ensuetl,  owing  to  heat 
consumed  for  internal  work  during  expansion  and  to  the  detrimental 
action  of  the  metal  of  the  cylinder.     When  the  steam  enters  tliv  cylin- 
der (of  a  lower  temperature  than  the  steam  at  its  initial   pres.-?ure)  it 
gives  out  heat  to  the  metal  of  the  cylinder,  and  to  do  this  set*  free 
latent  heit,  causing  water  of  conden.sation  to  be  formed.     N\'hen  the 
steiim  in  the  cylinder  expands  it  performs  internal  as  well  as  external 
work,  and  becomes  partially  liquefied  ;  as  the  .steam  leaves  the  cylin- 
der,  rushing  into  the  condcn.ser,   the  water    mixed   with   the  .^team 
evaporates,  abstracting  additional  heat  from  the  metal  of  the  cylinder. 
When  a  fresh  volume  of  steam  of  initial  pressure  now  enters  the  cylin- 
der it  comes  in  contact  with  the  metal  of  lower  temjKTature,  water  of 
condensation  is  formed  and  the  action  continues  as  indicateil  above. 
Several  methods  of  decreasing  this  loss  presented  themselves : 
1.  The  introduction  of  the  compound  engine  which  dividing  up  the 
range  of  temperature  between  admi.ssion  and   final  exhaust,  in  two  or 
more  stages,  causes  less  difference  in  each  cylinder,  and  therefore  •It- 
creases  the  loss  by  condensation  while  ag-ain  the  heat  abstractiil   from 
the  first  cvlindcr  at  exhaust   becomes  available  in  the  .>*econd  cvlinder. 
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2.  The  use  of  the  steam  jacket  which  tends  to  keep  the  metal  of  the 
cylinder  at  uniform  temperature  and  thus  preveiit  the  initial  conden- 
sation of  steam,  and  to  supply  heat  to  the  steam  in  the  cylinder  to 
prevent  condensation  during-  expansion. 

3.  The  introduction  of  a  great  number  of  strokes  per  minute  so  that 
less  time  will  be  accorded  to  the  steam  to  impart  heat  to  the  metal  of 
the  cylinder  and  to  abstract  heat  during;  exhaust. 

4.  The  use  of  superheated  steam,  since  it  can  emit  heat  when  being- 
admitted  to  a  cylinder  of  lower  tem])erature  without  causing  water  of 
condensation  to  form  at  entrance  or  during  expansion. 

Xeitlier  of  tlie  first  three  remedies  proved  entirely  efficacious  in 
practice  while  all  have  greatly  reduced  the  loss  from  condensation. 
An  intelligent  study  of  the  theory  of  heat  will  show,  however,  that 
the  latter  is  the  only  one  which  offers  the  possibility  of  entirely  pre- 
venting condensation.  Perhaps  it  will  need  some  explanation  why  the 
steam  jacket  can  never  entirely  prevent  this  loss.  It  is  owing  to  the 
fact  that  the  transfer  of  heat  from  the  steam  in  the  jacket  is  not  as 
rapid  as  the  transfer  of  the  heat  from  the  internal  sides  of  tlie  cylinder 
to  the  steam  in  cylinder,  that  the  steam  on  entering  the  cylinder.heats  up 
but  a  small  thickness  of  metal  to  its  own  temperature,  owing  to  the 
comparatively  poor  power  of  conduction  of  iron.  And  the  steam  in 
the  jacket,  similarly,  lieats  up  to  its  own  temperature  but  a  small 
thickness  of  the  metal  of  the  cylinder  immediately  in  contact  with  it; 
in  brief,  the  poor  heat-conducting  power  of  iron  does  not  allow  the 
transfer  of  heat  from  the  steam  in  jacket  to  the  steam  in  cylinder  to  be 
practically  instantaneous. 

There  may  be  some  who  are  opposed  to  the  introduction  of  the  high 
speed  (as  they  are  popularly  termed)  or  rather  "high  revolution" 
engines.  But  whatever  l)e  their  practical  defects — and  they  possess 
some  mechanical  advantages  that  we  are  inclined  to  think  more  than 
counter-balance  those  defects — the  principle  is  in  the  right  direction, 
and  already  splendid  workmanship  and  refinement  of  mechanism  and 
machinery  tends  to  confirm  the  value  theory  accords  the  system. 

We  will  now  briefly  refer  to  the  use  of  air.  Thermo-dynaraics 
demonstrates  its  superiority  to  steam.  Its  permanently  gaseous  nature 
enables  it  to  expand  without  doing  internal  work,-  and  its  temperature 
can  be  raised  to  a  high  degree  without  the  objection  of  a  high  pressure 
difficult  to  control.  But  practically  the  few  air  engines  built  have  as 
yet  not  proved  a  decided  success,  owing  to  the  difficulty  of  obtaining 
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a  rapid  conduction  of  lieat  to  and  from  the  air  employed,  and  the 
necessity  of  a  larger  cylinder  than  is  needed  for  a  steam  engine  of  the 
same  power.  Again,  very  high  temperature.s  of  the  air  cause  no 
inconsiderable  .strains  due  to  irregular  expansion  of  the  metal  and  a 
.slow  oxidation  of  the  metiU  as  well.  And  .so  with  other  forms  of  Huid 
engines.  Practical  difficulties  and  obstacles  have  not  always  ])erraitte<l 
the  rigid  teachings  of  thermo-dynamics  to  be  preci-sely  realized,  though 
they  have  in  most  ca.ses  served  as  an  exemplification  of  its  truth.  But 
as  long  as  we  have  the  laws  of  the  mechanical  theory  of  heat  to  teach 
lis  where  the  possibility  of  or  road  to  progress  lies,  better  steam  and 
bt'tter  air  and  better  ga.<  and  better  fluid  engines  will  in  time  be  built. 
Even  with  the  fluids  an«l  materials  at  j)re.sent  known,  the  performances 
of  engines  are  capable  of  being  doubled,  a  result  by  no  means  too  trival 
to  make  an  honest  effort  to  ma.ster  the  principles  which  will  aid  us  in 
securing  this  end.  But  who  would  dare  to  say  in  an  age  when  Pro- 
fes.sor  Crookes'  fourth  state  of  matter  opens  up  realms  of  investigati<»n 
undreamt  of,  and  when  Profes.sor  Bell's  di.scoverv  of  souiul  tran— 
mitting  rays  of  light  potently  reminds  us  that  we  are  but  at  the 
threshold  of  our  understanding  oi'  the  laws  of  the  universe,  who  would 
<lare  to  say  that  new  fluids,  materials  and  conditions  will  not  be 
<li>covered  that  will  enable  us  to  extend  the  limits  of  temperatin-e  be- 
twten  which  the  fluid  can  expand  in  a  cylinder,  and  thus  utilize  by  far 
the  grciiter  portion  of  the  latent  power  which  nature  has  presented  to 
us  in  her  stores  of  fuel  I 

But  it  may  be  .said:  The  advances,  pointed  out  above,  in  the  effi- 
liency  of  engines  have  not  in  all  cases  been  instituted  by  those  who 
have  mastered  the  mechanical  theory  of  heat,  and  the  advances,  there- 
fore, are  not  in  all  ciuses  the  result  of  the  .study  of  the  subject.  This 
is  partially  true,  that  is  while,  as  far  as  I  can  learn,  no  advances  have 
been  secured  in  the  efficiency  of  heat  engines  (not  including,  of  course, 
reduction  of  friction  and  better  mechanism  for  transforming  the  rec- 
tilinear motion  of  the  pi.ston)  by  men  who  have  not  been  intimatelv 
acijuaintevi  with,  at  least,  the  fundamental  principles  of  heat  energy, 
they  have  not  in  all  cases  mastered  the  whole  subject  in  its  highest 
iMMthematical  lorm.  But  to  correctly  appreciate  and  define  the  ailvancc, 
the  theory  of  heat  energy  has  always  been  called  into  play,  and  if  our 
l)rogress  in  the  efficiency  of  heat  engines  has  not  been  as  ra})id  as  we 
might  have  desire<l,  and  is  not  as  rapid  at  the  present  time  as  desimble, 
it   is  owing  to  a  lack  of  knowletlge  and  understanding  of  the  subject 
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under  discussion  by  some  of  our  more  brilliant  and  experienced  minds. 
There  are  two  methods  of  gaining  knowledge.  One  by  acquiring  the 
laws  and  results  of  the  experience  of  others,  the  other  by  acquiring  the 
laws  by  our  own  experience.  Both  constitute  the  acquisition  of  prin- 
ciples or  theory.  Both  have  their  uses.  But  it  is  a  loss  of  time  and 
it  is  at  the  expense  of  many  failures  and  disappointments  which  do  not 
contribute  to  real  advance,  if  we  arrive  at  the  same  principles  by  such 
failures  that  others  have  reached  before  us,  by  whose  experience  we 
might  have  profited.  When  we  have  acquired  the  knowledge  of  the 
work  that  others  have  done,  we  are  prepared  to  make  further  progress, 
and  if  the  difficulties  and  obstacles  multiply  we  will  be  fairly  equipped 
and  fully  encouraged  to  meet  them.  If  we  then  experience  failures, 
they  will  contribute  to  real  advance  instead  of  demonstrating  a  fact  or 
law  which  had  already  been  acknowledged,  and  which  it  was  within 
our  power  and  province  to  know.  Thus  too  will  indorsement  of,  and 
investment  of  capital  in,  prime  movers,  advertised  as  realizing  fabulous 
power  be  avoided,  since  our  knowledge  of  the  laws  of  thermo-dynamics 
will  have  acquainted  us  with  the  principles  of  the  conservation  of 
energy,  the  impossibility  of  transgressing  certain  limits,  and  will, 
therefore  indicate  or  demonstrate  the  fallacies  of  the  projected  scheme. 

In  conclusion,  I  must  say  that  I  am  aware  that  full  justice  has  not 
been  done  to  the  theme  under  discussion,  nor  can,  in  my  opinion,  full 
justice  be  done  to  .so  grand  a  theme  within  the  limits  of  a  paper  of  this 
kind.  A  complete  treatise  would  have  to  be  written  to  demonstrate  its 
true  importance,  and  some  work  like  that  of  Rankine  is  the  best  veri- 
fication of  the  actual  value  of  the  science,  and  in  its  study  does  this 
value  become  most  potently  apparent. 

But  if  I  have  been  able  to  convince — say,  one  of  you,  heretofore 
uninterested,  of  the  vitality  of  the  study,  I  will  feel  amply  compensa- 
ted, and  will  offer  no  apology  for  my  enthusiasm  in  the  cause. 


American  Watches.  ^The  Waltham  Watch  Co.  has  received  an 
order  from  the  British  government  for  372  watches,  to  be  distributed 
among  the  railroad  officials  in  India.  This  being  the  third  order  to 
the  same  company  is  a  satisfactory  evidence  of  the  esteem  in  which 
the  watches  are  held  abroad.  In  each  instance  the  British  govern- 
ment advertised  for  proposals,  and  the  American  firm  distanced  all 
competitors. — Fortschr.  der  Zeit.  C. 
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BLASTING. 


By    Arthur    Kirk. 

Paper  read  before  the  Engineers'  Society  of  Western  Pennsylvania,  Oct.  1'*'!'    i  >>^" 

In  this  age  of  improvement  I  know  of  no  important  indu^stry  in 
which  so  mucli  hard  labor  and  money  is  lost  for  want  of  intellie^ent 
^tudy  and  use  of  modern  improvements  as  in  the  simple  operation  of 

hhusting. 

When  von  bear  in  mind  the  fact  that  blastinti'  of  minerals  lies  at 
the  verv  fonndation  of  all  that  distinguishes  civilized  from  barbarons 
life,  you  will  at  once  admit  that  its  importance  makes  it  well  worthy 
of  our  attention. 

You  are  all  aware  that  the  houses  of  civilizetl  men  arc  very  much 
superior  to  those  of  the  barbarons  races.  The  first  point  of  difference 
is  in  the  foundation,  and  almost  the  first  things  needed  for  the  founda- 
tion of  a  house  for  civilized  man  are  powder  and  blasting  to  get  stone 
tor  the  foundation. 

Another  point  of  superiority  of  civilized  life  is  the  abundance  of" 
manufactured  iron  and  glass,  yet  I  think  that  not  one  jioiuid  of  all 
the  immense  quantities  of  these  articles  manufactured  around  Pitts- 
burgh is  obtained  without  drilling  and  blasting  to  prepare  either  the 
coal,  iron  ore,  limestone  or  sand  used  in  its  manufacture.  But  the 
very  nature  of  the  work  of  quarrying  seems  to  draw  to  it  many  men 
of  one  idea  who  work  hard  and  think  little;  who  having  made  holes 
in  rocks  for  many  years,  insist,  therefore,  that  they  know  all  al)out 
blasting  and  persistently  oppose  all  modern  improvements. 

Many  farmers  are  living  yet  who  have  cut  many  harvests  with  a 
sickle  before  the  days  of  cradles,  mowing  and  reaping  machines,  etc. 
These  might  with  the  same  propriety  resist  the  use  of  mowing  and 
reaping  machines  becjui.se  they  know  all  about  farming. 

Another  reason  why  inn)rovements  are  not  introduce<l  in  blasting  is 
l>ecausc  the  owners  of  mines  seldom  give  any  personal  attention  to 
blasting,  but  leave  it  all  to  others,  who  seldom  take  anv  interest 
in  imjM-ovcmcnts,  and  are  often  prejudiced  against  them  and  condtMiin 
them  without  a  trial. 

The  subject  of  blasting  may  be  divided  into  tliree  divisions: 
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1st.   The  hole  and  ]iow  to  make  it.  « 

2d.  The  explosive  used. 

3d.  The  manner  of  firing:  the  charo-e. 

1st.  The  Hole  and  How  to  Make  It. — The  common  M^ay  of  making 
the  hole  is  by  either  churn  or  jumper  hand-drills.  Three  men  usually 
form  a  gang,  and  the  gang  make  from  eight  to  twelve  lineal  feet  of 
hole  per  day  in  hard  rock. 

By  either  of  these  modes  it  is  practically  impossible  to  make  a 
round  hole — generally  a  three-cornered  hole  being  made,  which  is  very 
objectionable— because,  if  the  hole  is  perfectly  round  it  will  present  a 
uniform  circular  surface  to  the  pressure,  and  retiiin  the  blast  until  its 
force  is  fully  developed.  But  with  a  three-cornered  hole  the  pressure 
on  the  long  sides  of  the  hole  is  concentrated  at  the  corners,  which, 
being  required  to  resist  more  than  their  share  of  the  pressure,  give  way 
and  permit  the  explosive  gases  to  escape  before  their  force  is  fully 
developed,  and  only  a  large  amount  of  smoke  is  produced. 

A  much  better  plan  is  to  have  the  holes  made  by  machinery  ;  this 
secures  a  cheaper  and  better  hole,  being  perfectly  round,  and  thus 
retiiins  the  explosive  gases  until  their  power  is  perfectly  developed, 
and  do  more  execution  on  the  rock  and  with  less  smoke.  In  close  or 
underground  work,  where  the  air  is  bad,  this  is  found  to  be  of  great 
advantage.  AVitli  the  latest  improved  steam  drills  a  gang  of  three 
men  often  make  from  seventy-five  to  one  hundred  feet  of  hole  in  one 
day. 

2d.  The  Explosive  Used. — Explosives  may  be  divided  into  chemical 
and  mechanical  combinations. 

Chemical  explosives  embrace  what  are  known  as  nitro-glycerine, 
gun  cotton,  dynamite,  dualin,  hercules,  Ditmore  powder,  rend  rock, 
mica  powder,  etc. 

These  are  produced  mainly  by  the  combination  of  nitric  acid,  sul- 
l)huric  acid,  and  fatty  matter  or  glycerine,  with  cotton,  tan  bark, 
paper  pulp,  sawdust,  soda,  mica  .sc^ales,  pulverised  charcoal,  etc.,  as 
absorbents. 

These  Avill  explode  under  water,  which  makes  an  excellent  tamping. 
Most  of  them  are  unfit  for  sporting  or  military  use,  because  their 
explosion  is  so  instantaneous  it  ruptures  the  gun  before  the  ball  can 
start.  Their  force  is  more  like  the  blow  of  a  large  sledge,  whose  force 
is  spent  in  an  instant,  while  the  explosion  of  black  powder  is  more 
like  the  action  of  a  powerful  spring,  which  starts  the  projectile  more 
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slowly  and  continues  to  propel  it  until  it  escapes  at  the  muzzle  nt"  the 
gun. 

The  manufacture  of  chemical  explosives  is  of  comparatively  r«<eut 
(late,  and  in  many  cases  is  as  yet  imj)erfectly  understood.  Many  alarm- 
iuir  accidents  have  occurred  in  the  iiandlin";  of  some  of  them,  which 
has  given  a  bad  name  to  thi'  whole  family.  But  enough  is  now  kuf.wn 
about  some  of  them  to  prove  them  to  be  })erfectly  safe  when  jiroperly 
understood  and  handled,  and  very  profitable  in  certain  kinds  of 
blasting. 

Mechanically  combined  explosives  are  common  black  ])owder,  rarbo- 
ajsoteen  and  mahoning  powder. 

These  are  composed  mainly  of  saltpetre  or  nitrate  of  soda,  sulphur 
and  charcoal,  or  tan  bark. 

All  of  these  ingredients  are  first  finely  pulvrized  separately,  and 
then  mixed  in  certain  proportions,  and  incorporated  by  being  riui 
under  heavy  wheels  or  rollers  for  from  two  to  six  hours,  so  as  to  mix 
uniformly  and  bring  a  certxiin  pro})ortion  of  each  ingredient  in  imme- 
diate contact  with  the  other  ingredients. 

The  mass  is  then  generally  submitted  to  strong  hydraulic  or  screw 
|)ressure,  and  then  is  called  pressed  cake.  Then  it  is  crushed  by  cor- 
rugated rollei's,  and  by  means  of  sieves  separated  into  the  ditferent 
sized  grains  of  blasting,  sporting  or  military  powder,  each  of  which 
has  its  peculiar  mark  or  name. 

Carbo-azoteen  is  made  by  boiling  these  ingredients  together,  an<l 
has  never  been  a  success. 

Mechanically  combined  explosives  must  be  kept  perfectly  dry ; 
even  a  slight  degree  of  dampness  injures  them. 

As  a  rule,  the  finer  the  grain  the  quicker  the  explosion  and  the 
smaller  the  charge;  while  for  large  blasts  in  rock,  powder  is  now 
used  to  good  advantage  in  grains  as  large  as  grains  of  corn,  and  in 
large  artillery  charges  still  larger  grains  are  used,  called  Pebble  Pow- 
der.     W'c  now  come  to  the 

od.  Mode  of  F'u'imj  ihe  Charge. — Three  'modes  are  use<l — Hpiib. 
fuse  and  electricity.  Srpiibs  are  made  of  about  six  inches  of  rye 
straw,  filled  with  line  jxtwder,  and  are  used  principally  in  coal  blast- 
ing. The  hole  being  drilled  horizontallv  three  to  five  feet  into  the 
coal  a  charge  of  eight  to  twelve  inches  of  YV  blasting  powder  is  gen- 
erally put  in,  then  an  iron  rod  ^^  inch  in  diameter,  called  a  neeiUe,  is 
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inserted  in  the  liole  back  to  the  powder,  tken  the  liole  is  tamped  full 
bv  having  dry  clay  or  sand  pounded  solid  into  it,  and  the  needle  is 
withdrawn,  leaving  an  open  passage  like  a  pipe  through  the  tamping 
to  the  pow^der.  The  squib  is  inserted  in  the  mouth  of  this  hole,  and 
a  slow  match  applied  to  the  outside  end ;  the  recoil  of  the  powder 
burning  in  the  straw  throws  the  burning  squib  back,  along  the  neeflle 
hole  or  pipe  to  the  powder  chamber,  and  the  explosion  takes  place. 
This  mode  of  iiriny;  can  onlv  be  used  in  horizontal  holes. 

Fuse  consists  of  a  thread  of  black  powder  incased  in  a  wrapping  of 
tarred  hemp,  and  called  hemp  fuse — or  in  a  wrapping  of  cotton,  and 
called  cotton  fuse ;  then,  to  make  it  waterproof,  a  tarred  tape  is  wrap- 
ped spirally  around  it,  and  then  it  is  called  single  tape  fuse,  and  will 
resist  dampness  a  long  time ;  or  a  double  wrapping  of  tarred  tape  is 
wrapped  around  it,  and  called  double  tape  fuse,  which  will  burn  and 
fire  a  charge  of  powder  under  20  feet  of  water. 

In  all  of  these  fuses  there  is  a  central  cotton  thread,  which  has  been 
saturated  with  saltpetre,  which  makes  it  continue  to  burn  when  it 
would  otherwise  go  out.  Every  precaution  is  taken  to  make  the  fuse 
continue  to  burn  until  the  fire  reaches  the  powder  and  the  explosion  is 
produced.  But,  from  .some  cause  or  another,  holes  sometimes  hang 
fire,  and  are  a  source  of  great  danger  to  the  miner  or  quarryman. 
Holes  thus  charged,  which  ordinarily  should  explode  in  from  one  to 
three  minutes,  have  been  known  to  hang  fire  for  twenty-four  hours 
and  then  explode. 

The  third  mode  of  firing  is  by  electricity.  When  using  it,  the  hole, 
the  charge  and  the  tamping  are  the  same  as  in  firing  with  a  fuse,  but, 
instead  of  inserting  the  common  fuse  already  described,  an  electric 
exploder  is  used,  w4iich  is  made  thus : 

A  copper  cap,  \  inch  diameter  and  about  1  inch  long,  is  filled  ^  full 
of  fulminate  of  mercury,  into  which  is  inserted  the  ends  of  two  insu- 
lated copper  wires  connected  by  a  small  thread  of  platinum  wire,  and 
the  end  of  the  cap  is  then  closed  by  means  of  melted-  sulphur,  making 
it  waterproof.  Electric  fuses  are  made  4,  6,  10  and  15  feet  long,  with 
about  two  inches  of  the  outer  end  stripped  of  the  insulation  and 
tinned. 

In  using  them  the  blaster  selects  an  electric  fuse  long  enough  to 
reach  the  bottom  of  the  hole  and  leave  a  few  inches  of  wire  out  of  the 
hole,  then   ])uts  in  enough  powder  to  cover  the  bottom  of  the  hole  | 
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inch  deep,  tlien  his  exjiloder,  tlieii  one-tburth  les.s  powJer  than  if  fired 
witii  a  fuse,  and  tumps  tiie  hole  the  same  a.s  witii  ordinaiy  fuse ;  any 
number  of  holes  may  be  tlius  prepared  of  equal  or  unequal  dej)th  or 
distances  apart. 

Directions  for  Firing. — One  wire  of  tiie  first  luAa  is  now  connected 
to  one  wire  of  the  second  liole,  and  the  remaining  wire  of  the  second 
to  one  wire  of  the  tJiird  hole,  and  so  on  until  all  are  connected;  there 
will  then  be  one  wire  of  the  kist  hole  and  one  wire  of  the  first  hole 
left  unconnected.  'I'hese  wires  are  then  connected  by  means  of  long 
conducting  wires  to  the  i)attery  at  a  place  of  safety,  and  when  every- 
thing is  ready  the  circuit  is  closed  and  tiie  small  thread  of  platinum 
wire  in  the  bottom  of  each  hole  becomes  red  hot  and  each  cap  is 
exploded  with  great  force  at  the  .same  instant,  and  each  hole  assists  its 
neighbor.  And  thus  by  simultiineous  explosion,  with  only  three- 
quarters  of  the  i)owder  used  in  ordinary  fuse  blasting,  more  than 
double  the  rock  is  moved  with  the  same  drilling. 

In  ([uarries  where  fuse  is  used  it  is  not  uncommon  to  find  six  inches 
or  a  foot,  or  even  two  feet  of  the  bottom  of  the  holes  remaining  unruj)- 
tured  after  the  blast  has  been  fired  and  cleared  away — the  drilling  of 
the  luiexploded  piece  of  hole  was  so  much  hard  labor  lost,  and  the 
powder  it  contained  was  lost,  for  if  the  powder  had  done  what  wa» 
intended  no  part  of  the  hole  would  have  been  left  unexplode<l.  No 
part  of  the  hole  is  thus  left  unexploded  where  electricity  is  used, 
because  in  firing  by  electricity  the  firet  point  ruptured  is  at  the  bottom 
of  the  hole,  and  the  full  force  of  all  the  explosive  is  spent  in  enlarg- 
ing the  rupture. 

For  profitable  blasting  by  either  mode  of  firing,  the  i)ottom  of  tlie 
hole  in  open  work  should  be  at  least  one-tenth  less  from  the  open 
fnmt  of  the  rock  than  the  depth  of  the  hole;  thus,  if  the  hole  is  ten 
feet  deep,  the  bottom  of  the  hole  sh(»uld  not  be  more  than  nine  feet 
from  the  face  of  the  rock,  ami  in  some  rcx'k  not  more  than  eight  feet, 
so  as  to  make  the  bottom  of  the  hole  the  weakest  part  of  the  \y\-,i.<. 
But  if  the  hole  is  ten  feet  deep  and  filled  up  four  feet  with  powder, 
and  firetl  with  a  fuse  at  the  top  of  the  powder,  there  will  only  be  six 
feet  of  rock  on  the  top  of  the  first  point  of  rupture,  and  there  i>eing 
nine  feet  in  front  of  the  hole  makes  the  top  the  weakest  part,  and  the 
result  is  a  great  discharge  of  projectiles  through  the  air,  to  the  great 
danger  of  all   around,  and    much  of  the    material    is   lost;  but   if  the 
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same  .single  liole  had  been  fired  by  electmity  at  the  bottom  of  the 
hole,  the  bottom  rock  Avonld  have  been  forced  ont,  and  the  top  rocks 
would  tumble  down  and  do  no  damage,  and  all  be  in  place  to  be 
handled. 

The  contrast  between  firing  with  a  squib  and  by  electricity  is  still 
greater,  because  a  fuse  may  sometimes  burn  to  the  bottom  of  the  hole 
before  firing  the  blast,  but  a  squib  must  always  fire  at  the  top  of  the 
powder,  and  as  the  needle  hole  is  a  full  quarter  inch  in  diameter,  the 
first  blast  is  a  jet  of  orange  flame  from  the  needle  hole,  which  is  partly 
consumed  powder,  and  cools  into  dense  smoke,  to  the  great  annoyance 
of  the  miner ;  in  light  work,  only  the  top  is  blown  off  the  hole,  the 
first  point  of  rupture  taking  place  at  the  top  of  the  powder. 

In  conclusion,  to  show  this  is  not  idle  theory,  but  actual  fact,  I  may 
point  to  the  shaft  sunk  this  summer  for  the  Chicago  and  Connellsville 
Coke  Company,  near  Uniontowu,  under  the  superintendence  of  Mr. 
James  Harrison. 

Mr.  Harrison  has  had  great  experience  in  everything  connected 
with  modern  mining  improvements,  and  on  commencing  work  on  the 
shaft  procured  the  latest  and  best  improved  steam  rock  drill,  an  elec- 
tro-magneto battery  and  safe  chemical  explosives,  and  with  the  assist- 
ance of  Mr.  Thomas,  an  experienced  Welsh  shaft  sinker,  he  broke 
ground  about  the  15th  of  last  March,  and  two  weeks  ago  he  had  sunk 
the  shaft  325  feet  to  the  coal ;  has  got  his  ovens  and  all  his  buildings 
up,  and  I  presume  is  now  making  coke,  which  under  the  old  plan  of 
sinking  he  could  not  have  done  before  next  April. 

I  can  also  point  to  the  shaft  now  being  sunk  by  Mr.  J.  K.  Taggart 
for  E.  K.  Hyndman,  near  Connellsville,  and  to  another  near  the  same 
place,  now  being  sunk  by  ^Mr.  Hopkins  for  Mr.  Wickham,  of  Con- 
nellsville, both  of  whom  are  using  electricity  and  chemical  explosives 
to  good  advantage. 

I  may  further  add  that  theoretically  blasting  by  electricity  has  l^een 
known  to  engineers  for  thirty  or  forty  years,  for  large  blasts  such  as 
Hellgate.  But  it  has  only  been  within  the  last  few  years  that  the 
apparatus  has  been  made  so  simple  and  portable  as  to  be  of  any  prac- 
tical benefit  in  quarry  work.  It  has  now  been  made  so  simple,  and  is 
so  easily  handled,  that  a  youth  can  take  the  apparatus  out  of  the  tool 
box,  lay  down  the  cable  to  a  safe  place,  charge  five  or  six  holes,  tamp 
and  fire  them,  and  take  up  the  cable  and  replace  apparatus  in  tool  box, 
all  inside  of  ten  minutes. 
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ON  THE  WHOLESOMENES8  OF  DRINKING  WATER. 


By  Reuben  Haines. 

Abstract  of  a  Lecture  deliverefl  before  tlie  Franklin  Institute,  December  Otli,  ISSO, 


It  was  only  ;il);)ut  thirty  years  ago  that  cliolora  epidemics  were  dis- 
fovered  to  be  hirgely  due  to  the  transmission  ot"  the  disease  from  one 
person  to  another  by  means  of  water  used  for  drinking.  This  disease 
is  unquestionably  transmitted  also  in  other  ways,  as  for  example,  by 
the  atmospliere;  but  that  water  is  one  of  them,  and  in  some  countries 
the  most  im[)ortant  one,  the  vital  statisti<'s  of  P^ngland  prove  beyond 
a  doubt.  I  say,  in  some  countries,  not  in  all;  f)r  it  appears  that  the 
evidence  in  Germany,  which  seems  to  have  been  very  thoroughly  inves- 
tigated, is  against  the  theory  of  the  carriage  by  water  of  the 
ciiolera  poison  in  such  a  way  as  to  cause  infection.  Pettenkofer,  the 
celebrated  sanitary  autiiority  of  GerniaHv,  is  entirely  opposed  to  this 
view.  Nevertheless,  in  England,  India,  Holland,  and  a  few  localities 
in  Germany,  tlie  evidence  appears  overwhelming.  Dr.  Parkes  states 
that  while  we  should  give  j^roper  deference  to  the  evidence  in  Germany 
and  Austria,  we  should  not  allow  it  to  outweigh  the  evidence  from 
other  countries. 

It  has  also  been  found  that  typhoid  fever  luis  been  si)read  through 
towns  and  smaller  communities  and  through  separate  houseliolds  by 
carriage  of  the  infection  by  drinking-water.  So  many  instances  of  this 
have  become  known  that  it  may  l)e  considereil  proved  beyond  all  pos- 
sible doubt  to  be  a  fact,  and  one  which  is  generally  and  not  merely 
exceptionally  true. 

It  is  true,  however,  that  typhoid  fever,  like  cholera,  may  l)e  trans- 
mitted also  by  the  air;  and  there  can  be  no  question  that  the  g;vses  or 
vapors  emanating  from  sewers  and  dmins  and  breatlied  in  a  confined 
atmosphere  are  a  very  frequent  means  of  transmitting  the  disease. 

Dr.  Parkes  stiites,  in  the  latest  edition  of  his  work,  that  the  ques- 
tion which  is  the  most  im[)ortant  or  frequent  means  of  infection,  air  or 
water,  cannot  yet  be  answered.  Dysentery  has  been  long  known  to  be 
caused  j)artly  by  bad  water.  There  is  considerable  evidence  to  show 
that  water  may  transmit  diphtheria,  but  not  sutHcient  to  prove  it  with 
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certainty,  except  perphaps  some  evidence  in  Massachusetts  which  is 
very  strong. 

When  tlie  water  in  any  of  these  cases  lias  been  examined  by  clionii- 
cal  tests  it  has  generally  been  found  to  have  organic  matter  either 
dissolved  iijj  in  it  or  suspended  in  it.  Frequently  this  material  has  been 
found  so  entirely  dissolved  as  not  to  be  detected  by  the  eye;  that  is  to 
say,  water  which  was  clear,  colorless,  free  from  anything  visible,  except 
a  very  few  floating  particles  and  which  even  had  a  good,  refreshing 
taste,  was  found  on  careful  examination  of  all  the  circumstances  to  be 
without  the  slightest  doubt  the  real  cause  of  the  spread  of  typhoid 
fever  and  cholera  from  one  person  to  another. 

Water,  on  the  other  hand,  which  is  pure  or  free  from  any  contiimi- 
iiation  with  human  sewage,  in  any  part  of  its  history  in  past  or  present 
time,  has  never  been  proved  to  be  the  means  of  infection  with  such 
diseases  as  cholera  and  typhoid  fever.  But  diseases  of  other  sorts 
have  been  caused  by  mineral  matters  dissolved  in  the  water  or  by 
vegetable  matter  held  in  suspension,  while  the  water  was  nevertheless 
entirely  free  from  sewage  contiimination. 

\\'ater,  then,  which  is  impure,  is  to  be  dreaded  as  a  frequent  cause  of 
disease.  But  in  what  does  this  impurity  consist  and  how  are  we  to 
distinguish  the  two  sorts  of  impurity  I  have  mentioned?  We  will 
understand  this  better  if  we  first  carefully  consider  what  constitutes  a 
naturally  pure  water  and  which  is  found,  by  wide  experience,  to  be 
perfectly  wholesome  and  should  be  our  daily  drink. 

Those  who  have  studied  chemistry  are  aware  that  absolutely  pure 
water  is  composed  of  one  part  by  weight  of  hydrogen  to  eight  parts 
by  weight  of  oxygen,  or,  by  volume,  of  two  parts  of  the  former  to 
one  jiart  of  the  latter.  Chemically  pure  water  contains  nothing  else 
wdiatever.  But  such  water  does  not  exist  in  nature,  nor  can  it  proba- 
bly be  produced  in  the  chemical  laboratory,  for  the  purest  distilled 
water,  redistilled  many  times,  is  found,  perhaps  invariably,  to  contain 
exceedingly  minute  traces  of  ammonia  and  on  standing  a  few  hours  it 
absorbs  oxygen  and  nitrogen  from  the  air  to  which  it  is  exposed. 

When,  therefore,  we  speak  of  a  pure,  wholesome  water  we  do  not 
mean  water  which  is  chemically  pure,  but  .one  which  is  as  free  from 
foreign  substances  as  is  to  be  found  under  the  most  favorable  natural 
conditions, 

W^e  should  consider  all  natural  'water  found  either  on  or  below  the 
surface  of  the  ground  as  having  been  originally  precipitated  out  of  the 
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atmosphere  in  the  form  of  rain,  snow,  liail,  fog  or  dew.  Of  the.se, 
rain  and  snow  are  o})viously  tlie  most  important,  and  these  in  falling 
<;arry  dowji  with  them  a  part  of  whatever  may  be  either  naturally  or 
abnormally  present  in  the  atmosphere.  Now,  we  know  by  practical 
■experience  that  the  atmosphere  in  high  situations  is  generally  purer 
than  on  level  plains  or  in  low  j)laces.  When  our  bodies  are  in  need 
of  an  invigorating  atmosphere  we  go  to  the  mountains,  and  those  who 
have  traveled  in  mountainous  regions  often  speak  of  the  delightful 
■effects  experienced,  provided  they  do  not  enter  too  rare  an  atmosphere. 
Ohemical  analysis  confirms  this  impression.  The  atmosphere  of  the 
mountain  is  generally  really  i)urer  than  that  of  the  valley  at  its  foot. 

Rain  collected  near  the  surface  of  the  earth  will,  therefore,  be  more 
impure  than  that  collected  at  a  considerable  height,  because  of  the 
greater  impurity  of  the  air  near  the  surface  of  the  ground.  After  the 
elapse  of  a  short  time  the  rain  water  will  be  much  purer  than  dur- 
ing the  first  part  of  the  time  of  rainfall. 

The  purest  air  of  the  mountain  regions  contains,  besides  nitrogen 
and  oxygen,  a  small  pro[)ortion  of  carbonic  acid  in  the  free  state  and 
still  smaller  amounts  of  ammonia  combined  with  carbonic  acid,  nitric 
acid  and  nitrous  acid.  Besides  these,  there  is  found  also  a  very  small 
amount  of  organic  matter  suspended  in  the  air,  probably  dead  or  effete 
matter  swept  up  by  currents  from  living  animals  and  from  vegetation 
in  decay.  The  amount  of  this  organic  dust  becomes  less  and  less  as 
we  ascend  to  greater  heights,  while  the  proportion  of  carbonic  acid 
becomes  somewhat  increased.  All  of  the.se  various  gaseous  and  .solid 
substances  are  therefore  to  be  found  in  rain  water.  Since  a  part  of 
the  rain  goes  to  form  springs,  we  find  the.se  substances  in  the  ])urest 
spring- waters ;  but  here  they  exist  in  a  somewhat  different  form  from 
that  which  they  had  in  rain.  AVater  in  pa.ssing  through  the  ground 
always  comes  in  contact  with  some  substances  capable  of  dissolving 
more  or  less  in  it. 

Water  in  its  purest  state  may  be  said  to  be  an  almost  univcr,sal  sol- 
vent. Give  it  sufficient  time  and  the  proper  temperature  and  atmos- 
pheric pressure  and  it  will  dissolve  an  apj)reciable  amount  of  the  most 
insoluble  substances.  This  effect  will  take  place  much  more  readily 
when  the  water  contains  certain  saline  substances,  especially  nitrates 
and  chlorides.  When  rain  water  has  carried  down  from  the  atmos- 
phere salts  of  ainiuonia,  even  if  in  vory  minute  amounts,  its  solvent 
power  on  soil  and  rock  is  thereby  increased,  and  this   increase  will  be 
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in  some   proportion   to  the  amount  of  impurity  washed  out   of  the 
atmosphere. 

The  soil  itself  is  known  to  contain  carbonic  acid  in  its  pores  in 
much  larger  proportion  to  the  other  gases  than  exists  in  the  atmos- 
phere. Carbonic  acid,  we  all  know,  is  soluble  in  water  in  greater 
amount,  according  to  the  pressure,  as  is  well  shown  in  the  soda-water 
fountain.  This  gas  when  di.ssolved  in  water  has  a  great  solvent  power 
on  limestone  rock,  and  when  the  carbonic  acid  gas  escapes  again  by 
evaporation  the  water  leaves  those  beautiful  pendant  stony  icicles 
which  we  find  in  limestone  caves  like  the  Mammoth  Cave  of  Ken- 
tucky and  which  we  see  on  a  very  sjnall  scale  on  the  arched  roof  of 
many  stone  bridges,  where  they  are  formed  from  the  mortar  between 
the  stones  of  the  arch.  In  fact,  the  caves  themselves  are  thought  to 
be  formed  by  this  solvent  action.  Lime  is  a  part  of  the  material  of 
manv  other  Icinds  of  rocks  beside  limestone  and  of  the  soil  resultino; 
from  their  disintegration.  The  gaseous  carbonic  acid  of  the  soil  added 
to  that  already  in  the  rain  and  to  the  nitrous  and  nitric  acids  in  com- 
bination with  ammonia  also  found  in  it,  dissolve  a  j)art  of  the  lime 
and  other  mineral  matter  of  the  soil  and  rock,  and  when  this  soluble 
mineral  matter  is  in  large  amount  a  mineral  spring  is  formed  thereby 
or  simply  an  ordinary  limestone  spiing,  as  the  case  may  be.  In  either 
case  the  water  is  culled  "  hard."  If  the  rock  is  oT  insoluble  material 
like  granite  or  gnei.ss,  only  a  very  small  part  of  it  is  dissolved,  and  in 
this  case  a  soft  spring  water  is  formed.  Yet  even  in  granitic  regions 
the  water  may  be.  hard,  owing  to  such  substances  as  sulphate  of  lime 
in  the  soil  above  the  rock  being  dissolved  in  it.  This  is  to  a  certain 
extent  tiie  case  in  Germantown,  where  some  of  the  uncontaminated 
wells  furnish  (piite  a  hard  water  while  others  give  very  soft  water. 

All  soils  contain  more  or  less  organic  matter  derived  from  vegetable 
and  animal  matter  in  decay.  Some  of  this  will  necessarily  go  into 
solution  and  pass  into  the  spring  water;  but  it  appears  that  some 
spring  waters  contain  less  organic  matter  than  the  rain  from  which 
they  are  derived,  so  that  there  is  possibly  a  filtering  action  going  on  in 
the  soil  in  these  cases.  In  the  majority  of  cases,  however,  it  is  proba- 
ble and  in  many  cases,  it  is  certain,  that  a  proportion  of  the  organie 
material  of  the  soil  is  added  to  that  already  in  the  rain.  The  amount 
of  organic  matter  in  soil  and  rock  varies  according  to  its  geological 
nature.  Thus,  such  rocks  as  the  granitic  series  contain  almost  no  organic 
matter,  while  sands  and  gravels,  sometimes  thought  very  free  from  it. 
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generally  contain  considerable  amounts  of"  it,  and  ooca-sionally  in  so 
large  amounts  as  to  cause  the  well  waters  to  l^e  decidedly  injurious. 
Dr.  Parkes  mentions  ;is  an  instance  of  this  the  district  in  the  Sfjutli 
of  France  called  the  "Landes,"  where  the  sandy  soil  contains  so  muih 
as  to  cause  water  of  that  region  to  produce  malarial  fever. 

Alluvial  soil,  or  that  deposited  by  the  Hoo<ls  of  rivers  and  streams, 
contains  very  fretpiently  large  amounts  of  organic  matter  which  j>asses 
into  springs  and  wells  an<l  renders  them  unwholesome. 

Waters  from  marshes  are  well  known  to  contain  large  aiii<>uiu>  <>i 
vegetalde  organic  matter,  so  as  often  to  prove  extremely  unwholesome. 
The  CiLse  of  the  ship  Arrjo,  sailing  in  1834  from  Algiei-s  to  Mai-seilles, 
may  be  mentioned  as  a  very  strong  instance  in  proof  of  this. 

Water  coming  from  peat  bogs  is  often  highly  colored  with  dissolved 
peaty  matter.  This  peaty  matter  appeai-s  to  be  very  different  from  the 
vegetable  matter  found  in  marsh  water  in  not  being  in  a  state  of  actual 
decomposition,  but  being  material  which  has  in  the  solid  state  become 
partially  carbonizerl  ami  undergone  thereby  a  change  preparatory  to 
becominy;  coal.  Hence  a  number  of  chemists  and  sanitarv  officers 
have  of  late  years  strongly  protested  against  the  condemnation  of  peaty 
waters  on  the  same  grounds  as  marsh  waters,  declaring  this  to  be  a 
great  mistake.  It  mu.-t  be  admitted  by  every  candid  student  of  this 
-subject  that  some  waters,  which  experience  has  proved  to  be  very 
wh(jlesome,  originate  in  jieat  bogs  and  contain  in  the  state  used  for 
drinking  very  considenible  amounts  of  nitrogenous  organic  matter  in 
solution,  and  there  is  evidence  to  show  that  this  material  is  mainly  of 
vegetable  origin. 

Let  us  now  consider  the  effects  produced  on  the  he:dth  by  the  mine- 
ral matter  commonly  present  in  ordinary  sj)ring  and  river  watei*s  under 
entirely  natural  conditions.  AVhile  we  ciin  i)Ositively  say  that  our 
]>resent  knowledge  does  not  warrant  the  a.ssertion  that  any  one  of  a 
number  of  these  mineral  substances  have  any  injurious  influence  upon 
the  health,  it  is  nevertheless  obviously  true  that  a  large  excess  of  lime 
and  magnesium  salts,  such  as  carbonates,  siilj)hates  and  chlorides,  are 
undoubtedly  unwholesome  in  many  instances. 

Waters  which  contain  these  salts  of  lime  and  magnesia  are  allied 
**hard"  in  consecpience  of  their  action  on  soap.  The  great  waste  of 
soaj)  caused  by  these  waters  as  well  as  their  injurious  influence  in 
the  boiling  of  meats  and  vegetables  are  mattei-s  of  considerable  im- 
portance in  domestic  economy.     The  soap  Wiiste  and  the  tendency  to 
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form  incrustations  in  boilers  are  facts  of  vast  importance  to  the  manu- 
facturer, but  these  considerations  we  will  postpone  for  the  present. 

While  dyspepsia  and  other  internal  maladies  have  undoubtedly  been: 
traced  to  the  drinking  of  water  containing  large  amounts  of  these  salts 
and  while  goitre  and  cretinism  occur  in  close  connection  with,  and  some 
affirm,  are  caused  by  magnesian  limestone  Avaters,  there  seems  to  be 
still  a  decided  disagreement  among  sanitary  authorities  as  to  the 
wholesomeness  of  a  moderately  hard  water.  Hardness,  however,, 
which  is  due  chiefly  to  sulphate  of  magnesia,  would  seem  certainly 
undesirable  on  several  accounts. 

From  these  circumstances  it  will  appear  evident  that  the  purest 
water  naturally  contains  some  appreciable  amounts  of  mineral  matter, 
and  a  water  which  does  not  contain  it  in  too  large  amount,  the  limit  of 
which  has  not  been  satisfactorily  settled,  may  correctly  be  considered, 
so  far  as  this  is  concerned,  a  perfectly  pure  water  from  a  strictly  sani- 
tary point  of  view. 

Finally,  from  this  whole  discussion  it  is  clearly  seen  that  a  hygieni- 
cally  pure  water  must  be  defined  as  one  which  may  contain  naturally 
foreign  substances,  both  mineral  and  organic,  in  small  amounts ;  but 
if  the  organic  matter  is  in  larger  amounts  it  must  not  be  in  a  state  of 
decay  or  decomposition  or  capable  of  readily  undergoing  such  changes^ 

Further  consideration  will  lead  us  to  modify  this  statement  in  so  far 
as  to  add,  that  a  pure  water  must  also  contain  nothing  which  would 
leave  a  suspicion  upon  the  mind  of  a  probable  present  or  future  con- 
tamination with  sewage. 

Some  authorities  would  add  that  it  also  must  contain  no  evidence  of" 
contamination  with  sewage  in  any  post  time.  This  is  the  i)osition 
which  Dr.  Edward  Frankland  takes ;  but  I  tliink  we  may  reasonably 
di.ssent  from  so  severe  a  decision,  Avhich  would  exclude  all  our  river 
waters  as  too  dangerous  for  public  supply.  The  chief  reason  for  dis- 
.senting  is  that  the  premises  upon  which  he  founds  his  conclusions 
have  not  been  clearly  proven,  indeed,  they  are  directly  disputed  by 
other  chemists. 

We  have  heretofore  considered  water  as  it  exists  under  wholly  natu- 
ral conditions.  We  will  now  consider  it  as-  these  conditions  are  influ- 
enced by  man's  occupations  and  habits  which  are  consequences  or 
accompaniments  of  civilized  life,  and  interpose  circumstances  more  or 
less  artificial. 

A\'e  have  noticed  the  influence  which  the  natural  atmosphere  has  on 
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tlie  cliomirul  r-oii<]ition  oi'  rain  water.  What  i.s  now  tlie  ettbot  oi"  tlie 
atnio-sphere  .surrounding  communities  of  men? 

The  utmospliere  of  cities  and  towns  is  rendere<l  impure  by  the  gases, 
smoke  and  soot  issuing  from  the  chimneys  of  houses  and  factories ;  by 
the  du.st  from  the  streets,  which  is  to  a  great  extent  organic ;  by  }>ar- 
ticlcs  of  all  sorts  of  clothing,  hair,  skin  and  refuse  material  from  evcrv 
trade;  organic  matter  from  the  breath  .iiid  persons  of  men  and  ani- 
mals; and  also  by  the  ga-ses  resulting  from  decomposition  of  orgmiic 
matter  such  as  garbage  an<l  filth  u.sually  left  for  .some  time  in  places 
where  it  should  not  be  at  all,  and  the  giises  arising  from  stagnant 
sewers. 

Rain,  in  falling  through  such  an  atmosphere,  will  w;u?h  down  these 
ga.ses  and  organic  dust,  thereby  rendering  the  atmosphere  more  fit  to 
dwell  in.  J^ut  the  rain  water  itself  will  be  exceedingly  impur.-.  an<l, 
indeed,  .so  foul  as  to  be  entirely  undrinkable  without  nausea.  I>eside 
the  organic  matter,  nitric,  sul[)huric  and  muriatic  acids,  in  the  free 
state  as  well  a.s  combined,  are  found  in  such  rain  in  c(tnsideral>lo 
amount,  which  will  vary  greatly.  In  addition  to  the  effete  or  <lcad 
orgjuiic  matter  we  find  also  in  the  air  minute  forms  of  animal  and 
vegetable  life.  Nevertheless,  the  air  of  well  ventilated  streets,  even 
in  large  cities,  is  much  [)urer  than  we  might  expect.  The  percent;ige 
of  oxygen  in  many  streets  in  the  less  crowded  parts  of  London,  that 
is  to  say,  outside  of  the  limits  of  old  London,  was  foimd  wvy  slightlv 
less,  and  the  percentage  of  carbonic  acid  very  slightly  greater,  than 
the  natural  amount  on  open  land. 

Rain  falling  in  suburban  towns  will,  of  course,  l)c  much  pmvr  than 
that  of  cities ;  but  where  the  houses  are  situatetl  near  much-travelc<l 
streets,  dust  composed  largely  of  organic  matter  will  be  depositeil  on 
the  roof,  and  the  rain  water  collected  from  this  will  contiin  consider- 
able iin[)urity. 

If  the  guttei-s  and  pipes  placeil  to  carry  the  water  into  cisterns,  or 
the  cisterns  themselves,  are  made  of  lead  or  zinc,  these  metals  will  l>e 
tlis-solved  by  the  water  .so  as  to  render  the  cistern  water  poisonous  to 
drink.  This  corroding  action  is  commonly  nuu-h  more  rapid  with 
rain  water  than  with  ordinary  spring  water. 

If  we  piuss  on  to  the  consideration  of  other  kinds  ot'  tlrinkinir 
water,  we  fintl  that  stre;uns,  [)ouds  and  rivers,  all  of  which  are  useil 
for  this  purpo.se,  contain  the  dissolve<l  manure  from  cultivateil  fieUis, 
and   the   filthy  and   often   very   [)oi.sonous   drainage  from   factories  of 
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various  kinds,  besides  those  which  make  use  of  chemicals  in  their  pro- 
cesses of  manufacture.  In  addition  to  these,  a  most  important  source 
of  im])urity,  and  wherein  lies  probably  by  for  the  ii:reatest  danger,  is 
the  sewatje  of  cities  and  towns  situated  alono-  the  banks  of  rivers  or 
lakes  used  for  drinking  water,  or  on  streams  draining  into  them.  Fre- 
quent reference  is  made  to  the  solid  impurities,  such  as  wool  factorv 
refuse,  floating  on  the  surface,  but  any  one  who  is  acquainted  with  the 
methods  used  for  cleansing  the  raw  wool  knows  the  disgusting  charac- 
ter of  the  materials  used  for  thig  purpose,  enormous  volumes  of  which 
are  poured  into  the  river  after  the  operation  is  finished,  and  which  are 
probably  entirely  unseen  because  dissolved  in  the  water.  It  may  be 
said,  however,  that  much  of  this  organic  stuif  may  be  entirely  decom- 
posed and  destroyed  before  it  passes  through  the  water  mains  and  is 
delivered  to  consumers.  We  liear  frequent  remarks  made  on  the 
impropriety  and  danger  of  allowing  cemeteries  of  large  extent,  like 
Laurel  Hill,  to  drain  into  a  river  water  used  for  drinking.  The  dan- 
gers arising  from  this  source  may,  however,  be  said  to  be  infinitesimal 
as  compared  with  the  direct  drainage  of  human  bowel  excreta  into  the 
river  bv  means  of  city  sewers.  The  peculiar  dangers  of  sewage  con- 
tamination of  public  water  supplies  will  be  more  clearly  understood  as 
we  discuss  the  subject  in  subsequent  lectures  of  this  course. 

"SVells  are  the  chief  source  of  drinking  water  in  country  and  subur- 
ban districts,  and  in  towns  having  no  public  water  supply.  Artesian 
wells  of  great  depth  are  sometimes  used  for  city  supply,  but  these 
are  found  unsatisfactory,  because  they  do  not  meet  the  demands  of  an 
increasing  population,  and  at  the  same  time  generally  furnish  a  very 
hard  water. 

Deep  wells,  or  those  over  100  feet  in  depth,  but  not  artesian,  are 
seldom  used  for  private  domestic  purposes,  yet  these  are  strongly  advo- 
cated l)y  high  sanitary  authorities,  as  furnishing  the  best  supply  for 
domestic  use  where  a  "  driven  "  tube  well  Cannot  be  sunk.  The  chief 
object  is  to  go  below  and  to  exclude  carefully  the  water  in  the  upjjer 
water-bearing  strata,  which  will  be  very  liable  to  become  impure. 
The  wells  generally  used  are  less  than  fifty  feet  deep,  and  very  fre- 
quently both  these  wells  and  the  vaults  and. sinks  for  sewage  are  gen- 
erally placed  tolerably  near  the  house,  and  also  near  each  other.  Often 
in  small  lots,  and  sometimes  in  larger  ones,  the  cesspools  or  privies  and 
wells  are  not  more  than  ten  feet  apart.  Ash  and  garbage  heaps,  in  a  state 
of  fatid  decomposition,  are  frequently  placed  quite  close  to  the  well.   All 
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this  has  been  found  actually  true  in  various  parts  of  England,  and  in 
Ma.ssachu.setts. 

As  might  be  expected,  numerous  ciises  <jf  ty]>l«oi<l  fever  were  the 
immediate  cause  of  the  investigations  tliat  were  nnule.  Not  only  in 
Ma— arliusetts  is  such  culpable  negligence  to  be  found,  but  also  in 
nianv  other  parts  of  this  country,  and  as  near  home  as  the  immaliato 
neighborhood  of  Philadelphia.  The  recent  investigations  of  the  Mas- 
sachusetts State  J^oard  of  Health  into  the  sanitary  condition  of  hotels 
and  boarding-hou.ses  at  various  summer  resorts  of  that  State  has 
brought  to  light  a  large  number  of  cases  of  most  astonishing  ignorance 
and  criminal  negligence  in  this  respect  on  the  part  of  both  hotel  pro- 
prietors and  smaller  houst-holdcrs.  .S»me  of  the  cases  discovered  on 
the  island  of  Martha's  Vineyard  were  >o  bad  that  it  is  ditficult  indeed 
to  believe  that  anv  person  would  knowingly  subject  himself  to  .such 
tlangerous  surroundings. 

Dr.  Joseph  G.  Pinkham,  in  his  very  able  and  thorough  official 
report,  in  1870,  <m  the  sanitiiry  condition  of  Lynn,  Mass.,  himself  a 
resident  of  that  town,  makes  the  following  remarks: 

'•The  most  erroneous  ideas  in  regard  to  the  liability  of  wells  to 
contamination  prevail  amijng  the  i)eoj)le.  Those  who  are  familiar 
with  the  j)rinciples  of  under-drainage  by  means  of  porous  earthen  tiles 
know  that  when  they  are  i)laced  in  the  earth  the  water  will  find  its 
way,  for  (juite  a  long  distiince  on  either  side  to  them  and  through  their 
pores  ;  yet  they  are  only  small  vacant  spaces  in  the  earth,  while  a  well 
is  a  large  and  deep  one,  attracting  moisture  from  a  nuicii  greater  dis- 
tance. But,  notwithstanding  these  well  known  facts,  persons  of  high 
intelligence  on  most  points  feel  jMirfectly  secure  in  regard  to  their  well> 
with  a  cesspool  or  ])rivy  within  a  few  feet  of  them." 

In  regard  to  other  sanitary  conditions,  Dr.  Pinkham  remarks  : 

"  Less  than  one-tenth  part  of  the  families,  shoi)S,  etc.,  supplied  witli 
the  city  water  have  drains  connecting  with  the  sewei's." 

He  estimates  that  drainage  water  to  the  amount  of  4'2(\()O0,000 
gallons  are  annually  absorbtnl  by  the  soil -of  this  town,  and  then  he 
asks  the  reader  to  form  his  own  opinion  as  to  the  j)robability  of  this 
foul  di-aina«:e  soakiny;  into  the  thousands  of  wells  situatcnl  in  this  s;ime 
thickly  settled  part  of  the  town.  There  is  l)ut  one  ])ossible  answer  to 
the  ([Uestion.  It  is  but  right  to  add  that  what  was  true  of  this  town 
in  1876  may  be  very  much  improveil  now,  but  of  this  1  have  seen  no 
positive  statement. 
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AVe  knoM^  very  well  that  any  hole  or  ditch  acts  as  a  drain  to  the 
eartli  snrrounding  it.  A  well,  as  ordinarily  constructed,  is  precisely 
such  a  hole  for  drainage.  Any  contaminating  liquid,  or  any  solid 
matter  capable  of  being  dissolved  and  washed  into  the  soil  by  the 
rain  ;  any  such  material  as  human  sewage  placed  or  allowed  to  flow 
on  the  surface  of  the  ground  near  the  well,  will  be  exceedingly  liable 
to  pass  directly  into  the  well  water.  In  other  words,  it  will  help  feed 
that  well,  and  a  considerable'  amount  of  sewage  escaping  filtration  will 
eventually  be  daily  consumed  by  the  people  of  the  house  in  their 
drinking  water. 

This  is  certainly  not  a  plea.sant  subject  to  contemplate,  but  it  will 
do  us  no  possible  good  to  shut  our  eyes  to  a  state  of  things  which  act- 
ually exists,  and  which  is  every  day  liable  to  cause  disease  and  death 
in  our  families. 

The  more  loose  the  soil  in  which  the  well  is  dug,  that  is  to  say, 
the  more  sandy  and  gravelly  it  is,  the  more  liable  the  well  is  to  con- 
tamination. It  has  been  stated  by  some  writers  that  a  well  drains  a 
mass  of  .soil  in  the  shape  of  an  inverted  cone  whose  apex  is  the  bottom 
of  the  Avell  and  whose  base  is  an  area  of  surface  having  a  diameter 
equal  to  three  times  the  depth  of  the  well.  That  is,  a  well  of  20  feet 
deep  will  drain  an  area  60  feet  in  diameter  or  any  liquid  within  30 
teet  of  the  well  will  be  liable  to  pass  directly  into  it.  This  statement 
is  necessarily  a  very  rough  estimate,  since  the  area  of  surface  drained 
will  vary  exceedingly  according  to  the  character  of  the  soil.  There  is 
clear  and  positive  evidence  to  show  that  in  sandy  and  gravelly  soil.s 
the  extent  of  drainage  area  is  far  greater,  even  when  the  surface  of 
the  ground  is  level  and  the  stratification  of  soil  is  quite  horizontal. 
In  New  England  the  Massachusetts  State  Board  of  Health  Reports  give 
a  number  of  instances  where  pollution  of  wells  from  cesspools  situated 
in  sandy  level  soil  to  the  distance  of  more  than  100  feet  from  the 
wells.  The  water  was  found  by  chemical  analysis  to  be  polluted  with 
sewage  and  ca.ses  of  typhoid  fever  occurred  from  the  use  of  such  water 
for  drinking. 

If  contamination  takes  place  in  level  soil  to  the  di.stance  of  100  feet 
it  will  undoubtedly  be  liable  to  occur  at  much  greater  distances  when 
the  soil  and  rock  are  inclined  towards  the  well.  Mr.  Child,  Officer  of 
Health  for  Oxfordshire,  England,  gives  in  one  of  his  reports  an 
instance  of  the  fouling  of  wells  by  petroleum  or  benzine  which  passed 
through  the  soil  from  a  broken  barrel  buried  in  the  ground  to  a  num- 
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her  (»f  wells  all  of  wliicli  were  from  250  to  300  yards  dif^tant.  The 
surface  of  the  ground  had  a  descent  of  al)out  60  feet  Wetween  the  two 
points  toward  tlic  wells.  Alxjut  H"!  people  living:  in  lo  houses  were 
unable  to  use  tiiese  wells  for  ten  days  and  cattle  refusetl  to  drink  from 
one  of  them.  In  commenting  on  this  remarkable  ca.se  we  shoidd 
recollect  the  extraordinary  penetrating  power  of  petroleum  oils.  We 
c^an  scarcely  believe  that  sewage  c-an  be  carried  tlirough  nejirly  the  sixtli 
of  a  mile  of  soil  as  the  petroleum  was  in  this  «ise.  Nevertheless  it 
furnishes  a  very  good  text  for  a  sermon  on  the  possibilities  of  .s«'wage 
contamination. 

Sand  and  gravel  at  Hi-st  undoubtedly  exert  a  certain  amount  of 
Hltering  power.  J^ut  this  is  soon  exhausted  by  the  soil  becoming 
saturated  with  tilth,  and  in  course  of  time  a  direct  channel  may  be 
opene<l  to  the  well  through  which  the  sewage  may  sometimes  pass^ 
unobstructed  even  in  the  solid  condition. 

From  these  facts  we  can  positively  say  that  a  sandy  and  trravdly 
subsoil  is  one  of  the  most  dangerous  of  all  situations  for  a  shallow  well 
in  a  thickly  settled  neigliborlu)od.  or  where  the  cess|XK»ls  and  privies 
are  not   placed  at  the  distance  of  several  hun«b'ed  feet  from  the  well. 

A  "tube"  well,  or  "driven"  well,  will  i>e  little,  if  any,  better  what- 
ever, unless  tlie  tube  is  siuik  to  a  depth  approa«'hing  one  hundreil 
feet,  except  in  a  few  cases. 

In  addition  to  this  we  have  already  seen  that  such  soils  vcrv  otten 
contiiin  large  amounts  of  organic  matter,  naturally  present,  and  that 
this  amount  may  be  of  itself  so  large  Ji-s  to  produce  malarial  fever,  by 
drinking  the  water.  These  considerations  are  of  especial  importance 
in  regard  to  the  well  waters  of  southern  and  central  New  Jersey,  and 
in  regard  to  the  possibilities  of  obtaining  a  really  and  permanently 
l)ure  water  supply,  public  or  private,  at  the  sea^iide  resorts  of  that 
State,  which  must  be  considered  by  the  sanitarian  to  be  de<'ide<lly 
a  doubtful  matter,  until  careful  chemical  inve>;tigtition  can  prove  the 
contrary  to  be  true. 

It  has  lately  been  discovered  in  Mass;ichusetts  that  some  kiiul-  of 
rock  are  no  real  hindrance  to  the  dir(^rt  percolation  of  cesspool  sewage 
through  them.  In  one  cjisc  the  well  was  sunk  down  into  the  solid  nn-k 
for  some  distance,  an<l  the  walls  of  the  well  were  with  the  utmost  care 
laiil  in  mortar  autl  coated  with  hydraulic  cement  from  the  surfa<v  of 
the  ground  down  to  the  nvk.  Yet  with  all  this  care  contamination 
took  place  from  a  cesspool  on  the  opposite  side  of  the  Ihuisc  and  tiftv 
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feet  distant  from  the  well.  The  sewage  Avas  shown  to  have  passed 
down  throngh  the  rock  at  right  angles  to  the  dip  or  inclination  of  the 
rock,  which  Mas  about  45°.  The  rock  was  sandstone,  and  percolation 
took  place  l)etween  the  joints  or  fractures  in  the  strata.  On  the  remo- 
val of  the  cesspool  to  a  distant  part  of  the  })reniises  the  water  became 
decidedly  better.  The  account  of  this  remarkable  case  was  published 
bv  Dr.  Pinkham,  of  Lynn,  in  Scribner's  Monilily  for  1877. 

From  the  brief  study  we  have  made  of  this  subject  in  this  lecture 
we  may  sum  up  the  following  conclusions  to  which  we  should  care- 
fully give  practical  attention. 

On  no  account  should  we  ever  allow  a  cesspool,  vault  or  surface 
privy  within  a  radius  from  a  well  equal  to  twice  its  depth. 

Xo  drain  i)ipe,  whether  of  iron  or  terra  cotta,  should  ever  be  allowed 
within  this  distance  on  account  of  the  danger  of  leakage.  The  best 
laid  drains  have  been  frequently  found  to  leak  in  the  most  unexpected 
places,  and  where  especial  care  had  been  taken  to  prevent  it. 

In  the  case  of  houses  on  small  lots  of  ground  in  a  town  wells  ought 
never  to  be  used  at  all  for  drinking.  The  Board  of  Health  of  such 
towns  should  have  full  legal  power  to  close  up  all  such  wells,  and 
remove  the  pumps,  even  if  no '  positive  disease  has  ever  arisen  from 
their  use,  or  even  if  no  complaint  has  been  entered  by  a  person  residing 
in  the  immediate  neighborhood.  The  Board  of  Health  should  also 
have  power  to  prohibit  any  new  wells  being  dug  on  premises  of  less 
than  a  certain  fixed  size. 

.  Where  a  system  of  sewerage  exists  cesspools  should  be  totally  pro- 
hibited under  penalty  of  law,  unless  such  cesspools  are  built  absolutely 
water  tight,  and  kej)t  so,  and  are  thoroughly  ventilated  by  tall  pipes 
or  chimney  stacks,  and  the  contents  are  frequently  and  regularly 
removed. 

A  certificate  of  compliance  with  these  conditions  given  by  regular 
official  sanitary  inspectors  should  be  required  at  regular  stated  periods, 
say  once  a  year,  of  every  person  having  such  cesspools  on  his  premises. 

Xo  new  cesspools  should  be  allowed  under  ])enalty  of  law,  unless 
by  a  certificate  granted  by  a  regular  official  sanitary  inspector. 

When  a  system  of  sewerage  does  not  exi^t  in  a  town  the  same  law 
should  be  made  to  apply  wherever  the  houses  are  not  very  scattered. 
In  rural  districts  the  law  would  be  ina])plicable. 

All  wells  located  near  sewers  or  under  street  pavements,  or  exposed 
to  contamination  from  street  gutters,  should  l)e  immediately  closed  and 
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tli(;  |tnin|)S  rcmovc'd.  Sncli  wells  are  extremely  dangerous  ami  a  <lirf't 
incnacc  to  the  jmhlie  health.  In  cases  where  a  riii:ht  of  way  to  such  a 
well  is  (granted  to  several  property  holders  by  deed  of  title  the  Jioard 
of  Health  sh(juld  have  legal  ])ower  to  overcome  resistance  to  its  action 
so  as  to  prevent  all  further  use  of  the  well,  under  penalty  of  law. 
A  case  of  this  kind  lias  lately  become  known  within  the  limits  of 
Philadelphia,  which  I  was  requested  to  investigate. 

Ill  all  cases  of  refusal  of  property  holders  to  comjdy  with  such 
re<|uisitions  of  the  Board  of  Health,  the  latter  should  have  jjowcr  to 
proceed  as  in  ordinarv  cases  of  public  nuisances. 

A  niodilicatioii  of  the  law  should  be  made  so  as  to  include  within 
it>  ])i'ohii)ltion  all  such  wells  as  are  likely,  in  the  opinion  of  reiru- 
larly  constituted  sanitary  authority,  to  become  polluted  in  tiie  near 
future  as  well  as  those  which  are  now  actually  in  a  polluted  condition. 

[In  his  concluding  remarks  the  lecturer  spoke  of  the  minute  living 
animals  found  in  river  water,  and  exhibited  by  means  of  the  lantern 
several  photogra|)hs  of  animal  and  vegetable  life  found  in  the  water 
-upplied  to  London  in  1851  antl  1854,  which  were  years  when  <-holcra 
was  violently  epidemic  in  that  city.] 

These  photographs  are  taken  from  plates  in  Dr,  Ha^sal's  work  on 
adulteration  of  focnl.  I  wish  to  express,  however,  my  strong  dis- 
sent from  the  opinions  of  Dr.  Hassel  as  to  the  injuri<tus  character  of 
these  animals  and  diatoms  themselves.  I  believe  that  no  clear 
and  positive  evidence  whatever  has  ever  been  brought  forward 
to  prove  with  any  degree  of  certaintv  these  forms  of  life  themselves 
to  have  been  the  cans(!  of  disease.  They  could  not  have  caused  cholera 
in  fjondon,  for  many  of  them,  nearly  all  perhaps,  are  stated  to  be 
found  in  the  Schuylkill  river  water  at  the  present  time,  and  yet  Phila- 
delphia was,  at  least  in  1872,  exceptionally  free  from  cholera  at  a 
time  when  it  was  ei)idemic  in  other  parts  of  the  country.  Xo  disease 
has  ever  been  proved  attributable  to  these  living  forms  in  the  Schuyl- 
kill river. 

The  chief  point  to  be  considered  is,  what  may  be  associatetl  with 
these  animalcuhe  and  upon  which  they  may  tV'Q(\,  or  in  some  way  be  the 
indication  of  its  presence.  Some  of  them,  undoubte<lly,  live  only  in 
comj)aratively  gofxl  water,  in  proof  of  which  statement,  the  reader  is 
referred  to  the  work  of  Dr.  Macdonald  on  the  micnisc«^pic  analysis  of 
water.  Some  of  them  recpiin'  a  polluted  water,  and  one  which  i-on- 
tains  sewayre  in  not  too  irreat  amount  will  often  be  crowded  with  some 
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forms,  as  was  the  case  with  some  of  the  London  water,  whieli  in 
1851  and  for  some  years  after,  was  taken  from  the  river  at  tlie 
liondon  bridges,  where  contamination  with  sewage  was  very  great. 

Tliese  animalcnlse,  therefore,  may  be  an  indication  of  organic  filth  in 
the  water,  and  this  filth  may  be  excreted  from  the  intestines  of  diseased 
people.  The  aniraalculse  themselves  are  probably  no  more  injurious 
to  a  human  being  than  raw  oysters.  In  all  probability  they  can  be 
dio-ested  with  equal  rapidity,  and  there  is,  as  far  as  we  know,  no  pos- 
.sible  way  for  them  to  get  into  the  blood  in  a  living  state. 

[Photographs  were  also  exhibited  of  the  fresh-water  algte  which 
w^ere  the  cause  of  the  disagreeable  pig-pen  odor  in  the  Boston  water  a 
few  years  ago.  These  were  from  plates  drawn  by  Prof.  Farlow,  of 
Harvard,  for  his  paper  in  the  Ma.ssachusetts  State  Board  of  Health 
Report  for  1879.] 

Electro  -  motive  Force  of  Amalgams.— Hockiu  and  Taylor 
find  that  potassium,  sodium,  cadmium,  tin  and  copper  become  more 
stronglv  negative,  iron  and  zinc  more  strongly  positive  by  amalgama- 
tion, whether  in  acidulated  water  or  in  sulphate  of  zinc.  Mercury 
retains  hvdrogen  more  strongly  than  other  metals-;  its  surface  can  be 
depolarized  by  a  trace  of  sulphate  of  mercury  or  of  bichromate  of 
potash.  In  this  case  the  electro-motive  force  of  mercury,  which  eon- 
tains  a  little  zinc,  varies  from  '24  to  1'498;  a  very  small  quantity  of 
positive  metal  dissolved  in  mercury  can  therefore  greatly  modify  its 
place  in  the  electric  series.  —  Les  Mondes.  C. 

Mutual  Action  of  Magnetic  Needles  in  Liquids. — Obalski 
has  recorded  a  pretty  experiment  with  two  magnetic  needles,  suspended 
above  a  vessel  of  water  by  a  delicate  thread,  and  removed  from  one 
another  by  a  distance  slightly  greater  than  the  sum  of  their  radii  of 
mutual  attraction,  their  opposite  poles  being  near  eaeh  other.  A  caout- 
chouc tube,  filled  with  water,  allows  the  level  to  be  gradually  raised 
or  lowered  without  the  slightest  agitation.  As  soon  as  the  needles  are 
immersed  they  approach  each  other,  on  continuing  to  raise  the  level  of 
the  liquid  the  approach  increases,  and  finally,  when  the  submergence 
has  reached  a  third  or  a  fourth  of  the  needles,  the  two  needles  rush 
together.  A  similar  phenomenon  occurs  when  the  needles  are  sus- 
pended by  their  like  poles.  While  in  the  air  their  mutual  repulsion 
is  hardly  perceptible,  but  the  free  extremities  gradually  move  asunder 
as  they  become  submerged.  —  Comptes  Reiidus.  C. 
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The  laws  of  the  beaiitilul  in  music  are  very  difficult  of  ascertain- 
ment, owing  to  the  total  absence  of  any  objective  standard  with  which 
tlie  results  of  this  art  may  be  compared.  We  judge  of  tlie  })oet  by 
the  })ower  with  wiiich  lie  presents  wliat  luniian  experience  recognizes 
as  truth,  or  by  the  keenness  with  whicli  lie  analyzes  passions  with 
which  we  are  all  familiar.  The  sculptor  has  the  form  of  man  and 
of  animals  as  a  standard  with  which  to  compare  his  work.  The 
painter  has  the  endless  variety  of  nature  to  guide  him.  Hence  these 
arts  are  imitative — not,  in  the  strictest  sense  of  the  word,  creative. 
But  in  the  art  of  music  none  of  these  helps  are  to  be  found.  Out- 
side <»f  ourselves  music  is  non-existent.  Nature,  with  all  her  endless 
variety  of  sounds — beautiful  as  many  of  them  are — has  no  music, 
gives  us  no  liint  of  any  standard  with  which  to  test  the  creations  of 
the  musician.  The  songs  of  birds,  the  murmur  of  streams  and  all  the 
sounds  of  animate  nature  owe  their  beauty  chiefly  to  circumstances 
and  association,  and  are  wanting   in  the  first  element  of  music. 

AVe  are  then  driven  to  the  conclusion  that  music  is  a  pure  creation 
of  man.  Nature  has  taught  him  nothing.  Other  arts  find  their 
material  and  their  motive  ready  and  waiting  for  them.  The  beauty 
of  natin-e  would  be  the  same  had  poet,  sculj)tor  and  ])ainter  never 
lived  ;  but  the  beautiful  in  music  had  to  be  slowly  and  laboriously 
evolved  by  man  himself.  He  must  first  select  from  the  great  mass  of 
.sounds  those  that  will  form  a  scale — an  operation  that  took  some  five 
thousand  years.  He  must  devise  laws  for-  the  combination  of  these 
sounds.  He  must  patiently  spend  centuries  in  devising  instruments 
for  the  j)ro(lu('tioii  of  those  sounds,  and  must  learn  by  ceaseless  effort 
to  use  these  instruments.  And  even  when  all  this  is  done  the  result 
may  not  Ije  music,  or  may  be  bad  music,  which  is  the  same  thing. 
This  brings  us  to  the  question.  Wi»y  is  thin  good  music?  AN'iiy  i> 
the  other  bad  music?     Are  not  both  straitlv  conformed  to  the  rules? 
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Yes.  Cannot  both  be  equal Iv  well  performed?  Yes.  Then  what  is 
the  intangible  something  which  makes  such  a  vast  gulf  between  them? 
We  cannot,  and  never  will  be,  able  to  say.  For  want  of  a  better 
explanation  we  call  it  genius ;  but  this  only  removes  the  question  a 
step  further.  As  I  said  before,  man  has  had  to  make  his  own  stand- 
ards in  this  art,  and  the  inevitable  consequence  of  having  no  indepen- 
dent standard  is,  that  the  ideal  of  good  music  has  varied  and  always 
will  vary  while  humanity  exists.  The  most  we  should  say  of  anv- 
composition  is  that  the  majority  of  those  best  qualified  have  consented 
to  its  superiority.  In  short,  no  definition  of  good  music  can  be  given 
until  we  can  trace  with  unfailing  precision  the  connection  between 
sound  and  emotion,  or  sense  and  sensation. 

It  is  comparatively  easy  to  account  for  the  emotions  excited  by  the 
sister  arts.  They  appeal  to  universal  experience.  As  an  illustration, 
the  pleasure  of  looking  at  a  well  painted  landscape  is  chiefly  made 
up  of  memory.  A\  e  all  have  memories,  more  or  less  vague,  of  beau- 
tiful scenes  of  wood,  or  seashore,  or  mountain ;  these  memories  are 
appealed  to  by  the  painters,  and  our  gratification  is  in  proportion  to 
the  truthfulness,  as  we  call  it,  of  the  appeal.'  We  thus  have  at  hand 
a  means  of  checking  our  impressions  by  this  hardly  conscious  reference 
to  well  known  standards. 

But  what  experience  or  analysis  or  memory  will  account  for  the 
emotion  excited  by  a  Beethoven  symphony?  What  is  it  when  reduced 
to  its  elements  but  a  heterogeneous  mass  of  sounds,  of  various  pitch, 
quality  and  intensity.  All  attempts  at  explanation  have  failed  and 
must  fail.  One  of  the  greatest  of  philosophers  has  tried  to  prove  that 
the  imitation  of  natural  sounds  is  the,origin  of  music — falling  into  the 
mistake  so  common  to  scientific  men,  of  confounding  sound,  no  matter 
how  agreeable,  with  music;  whereas,  sounds  bear  the  same  relation  to 
music  that  pigments  do  to  painting. 

But  although  we  are  unable  to  say  what  constitutes  beauty  in  music, 
we  are  able  to  state  with  some  confidence  certain  necessary  conditions 
to  which  it  must  conform,  or  it  could  not  be  beautiful,  still  remember- 
ing that  it  may  fulfill  these  conditions  and  yet  resemble  music  only  as 
an  architectural  drawing  resembles  a  picture. 

The  first  and  the  fundamental  law  of  music  is  rhythm.  Rhythm  in 
sound  means  the  same  thing  as  symmetry  in  form.  Symmetry,  as 
defined  by  Kuskin,  is  the  reproduction  at  equal  spaces  of  the  same 
figures  and  the  same  arrangement.     Rhythm  is  the  reproduction  of  an 
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accent  at  equal  intervals  of  time.  It  is  strange  that  the  flight  of  time 
shouM  1)6  one  of  the  essential  conditions  of  this  the  most  evanescent 
of  the  arts.  \ye  are  not  without  proofs  that  rhythm  is  the  true  genesis 
of  music.  The  music  of  all  savages  and  of  the  ancient  civilizations  was 
largely  composed  of  ])ulsatile  instruments  as  the  sistrum,  crotalus, 
drum,  cymhal  and  so  on.  We  have  here  the  first  quality  that  distin- 
guishes music  from  natural  soun<ls ;  no  sound  in  nature,  not  even  the 
songs  of  hirds,  is  rhythmical.  I^hilosophers  have  tried  to  explain  this 
inherent  love  of  rhythm  and  sviiimetrv  in  the  hvpothesis  that  space 
and  time  are  so  vast  that  the  human  mind  shriidvs  from  any  attempt 
at  their  comprehension  lus  wholes,  and  feels  the  need  of  some  recurring 
points  of  rest,  without  which  it  is  lost  in  their  vastness. 

I  must  digress  here  for  a  moment  to  give  my  rejisons  for  helieving 
that  music  originated  in  the  love  for  rhythm,  not  in  the  attempt  to 
imitate  natural  sounds.  Mere  noise,  when  rhythmic,  is  a  great  exciter 
of  the  passions,  particularly  of  the  savage's  master  passion — the  love 
of  fighting.  Hence  all  nations,  savage  and  civilized,  have  used  and 
still  use  drums,  cymbals,  gongs,  etc.,  as  a  necessary  part  of  their  war 
material.  It  is  a  common  custom  with  savajjes  when  sittinir  round 
their  camp  fires  or  at  their  solemn  '^  pow-wows"  to  recite  the  deeds  of 
their  warriors  or  ancestors,  the  recitation  being  accompanie<l  by  the 
beating  of  drums  in  regular  rhythm.  This  recitation  would  soon 
accommodate  itself  to  the  drum  beat  and  would  develoji  into  a  rude 
chant.  The  voice  would  naturally  rise  when  describing  how  the  hero 
slew  his  foes  and  would  fall  when  lamenting  his  death.  The  repeti- 
tion of  the  same  story,  with  the  same  inflections  of  the  voice,  would 
give  rise  to  a  rude  melody.  It  would  seem  that  the  ancient  Greek 
music  arose  in  this  wav  because  it  was  lacking;,  jis  far  as  can  be  known, 
in  musical  rhythm,  i.  e.,  the  rhythm  depended  on  the  poetry,  the  musical 
sounds  having  no  definite  value.  We  have  here  the  practice  of  reci- 
tation to  musicid  sounds  carried  to  its  highest  developnient.  Thev, 
the  Greeks,  neglected  the  rhythmic  accomi)animcnt  aixl  bestowed  all 
their  attention  on  the  reciting  chanf.  It  is'  to  them  we  are  indebted 
for  all  the  forms  of  chant  we  now  possess,  viz.,  the  Gregorian  or  Am- 
brosian  and  Anglican.  It  is  strange  that  with  their  keen  artistic  sense 
they  should  have  taken  the  wrong  direction  in  this  art  and  never  nuule 
the  discovery  that  rhythm  in  the  music,  not  the  pocfri/,  was  the  true 
path  to  the  highest  development  of  the  musical  art. 

Hut  although  cultivated  nnisic  took  this  direction,  the  "  Folk-music," 
Whole  No.  Vol.  CXI. —  Third  Series,  Vol.  lxx.\i.)  5 
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i.  e.,  dances  and  songs,  were  all  of  necessity  conformed  to  rhythm,  and 
it  is  to  them  that  our  modern  music  must  trace  its  oria-in.  The  feelincr 
for  the  combination  of  melody  with  rhythm  gradually  displaced  the 
chant  forms,  and  in  the  thirteenth  or  fourteenth  century  first  claimed 
the  attention  of  cultiyated  rausicians,  and  has  since  gradually,  but 
surely,  displaced  the  older  form  which  is  now  only  retained  in  ciyilized 
countries  in  a  modified  form  for  religious  purposes.  In  short,  a  close 
study  of  the  history  of  music  seems  to  indicate  that  it  beean  with 
rhythmic  noise  produced  by  drums  or  eyen  by  striking  two  sticks 
together — to  this  was  added  recitation — this  deyeloped  into  the  chanty 
consequently  yocal  music,  as  we  know,  was  first  deyeloped.  But,  the 
uniyersal  practice  of  dancing  also  required  some  rhythmic  accompani- 
ment. This  the  drums,  triangles,  etc.,  would  also  supply,  still  united 
with  yoices,  which  would  be  compelled  to  measure  their  lines  or  sen- 
tences in  such  way  as  not  to  interfere  with  the  rhythmic  moyement  of 
the  dancers ;  as  instruments  iraproyed  the  use  of  voices  for  this  pur- 
pose would  gradually  disappear,  and  from  this  has  grown  measured 
instrumental  music;  in  proof  of  this  all-  the  compositions  for  instru- 
ments, with  few  exceptions  until  the  close  of  the  eighteenth  century, 
were  collections  under  the  name  of  "  Suites "  of  dances,  such  as 
gavottes,  gigues,  sarabandes,  etc.  So  the  savage  had  rhythm  without 
music,  the  ancients  music  without  rhythm — it  was  left  for  the  moderns 
to  combine  the  two  and  develop  all  the  resources  of  the  art. 

The  next  law — one  degree  higher — is  melody.  This  is  dependent 
on  the  first  law,  and  consists  of  sounds  of  different  pitch  adapted  to 
some  predetermined  rhythm.  Melody  is  one  remove  farther  from 
natural  sounds.  It  presupposes  a  definite  arrangement  of  sounds  called 
a  scale,  a  thing  that  does  not  exist  in  nature,  as  every  one  knows  who 
has  tried  to  write  down  the  songs  of  birds,  all  of  which  are  constructed 
of  intervals  that  do  not  exist  in  our  scales. 

The  third  and  a  still  higher  law,  but  still  dei)endent  on  the  two 
previous,  is  harmony,  or  the  art  of  combining  sound)?.  Melody  and 
harmony  are  to  each  other  as  drawing  is  to  painting.  Drawing  may 
exist  without  painting,  but  not  painting  without  drawing — or,  at  least, 
it  is  very  poor  painting.  So  melody  may  exist  without  harmony,  but 
harmony  without  melody  makes  very  poor  music,  if  it  deserves  the 
name  at  all. 

Again,  a  skilfuU  drawing  will,  as  painters  say,  suggest  the  color, 
and  give  an  exact  representation  of  the  object;  but  the  completed 
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|)aiiitin<^,  witli  its  gnidatioiis  of  light  and  sliadow,  its  blending  and 
contrasting  of  tint.^,  seoius  to  bring  natnre  herself  before  us.  Sd  a 
Ix-autiful  melody  heard  alone  will  give  suggestions  and  hints  of  its 
capabilities  of  exj)ression  ;  but  with  the  coiuposer's  iiarmony  it  brings 
before  us  his  whole  thought,  witii  every  shade  of  expression  enhanced 
I IV  the  tints  of  the  harmony.  We  are  now  far  beyond  nature,  wiiieh  has 
111"  hint  or  suggestion  of  musieal  harmony.  It  is  man's  own  kingdom, 
lie  created  it  after  centuries  of  work,  and  has  |K)s.sessed  it  for  little 
inure  than  two  centuries.  The  fourth  and  highest  law  in  music  is 
form.  As  we  advance,  the  mystery  that  surrounds  the  art  dee^>ens 
in-tcad  of  clearing  up.  Who  can  say  by  what  process  of  re;t<on  or 
instinct  we  have  arrived  at  what  we  rer-ognize  as  the  highest  form  in 
music — the  sonata?  Why  have  we  decided  that  the  theme  that  is 
suitable  for  sonatii  treatment  will  not  do  for  rondo  treatment,  ami  the 
revei*se?  Or,  why  is  the  sonatu  a  higher,  nobler  form  than  the  rondo? 
Form  is  an  extension  or  development  of  rhythm.  We  have  first  the 
rhythm  of  the  bar,  then  of  the  phrase,  then  of  the  theme,  and  lastly 
of  the  alternation  and  recurrence  of  the  various  themes.  It  mitrht  be 
compared  to  the  revolution  of  satellites  round  their  planets,  of  |)lanct- 
round  their  suns,  an<l  of  suns  round  their  unknown,  un-*'archal)lf  <<ii- 
tre — the  ideal  of  the  composer. 

I  have  now  stated  all  that  is  definitely  ascertainable  conce-rning  the 
laws  of  the  being  of  this  art.  It  seems  very  little;  but  when  we 
remember  that  it  is  the  unaided  creation  of  man,  we  have  a  truer 
ap})reciation  of  the  difficulties  that  he  has  had  to  overcome  since  he 
first  attempted  by  rude  drums  and  cyml)als  to  divi<le  time  rhvthmi- 
cally,  or  by  i)ipes  and  strings  to  make  weak  attem[)ts  at  mclodv,  or  bv 
barbarous  successions  of  fourths  and  fifths  essayed  to  combine  sounds 
into  harmony.  From  these  rude  beginnings  has  grown  this  most  per- 
fect of  the  arts.  And  it  would  seem  in  our  ilay  that  its  forms  and 
means  of  expression  have  been  all  elaborated  to  their  greatest  possible 
perfection,  and  that  no  advance  can  be  made  until  a  new  scale  and  a 
new  harmony — ;)f  which  we  cannot  even  conceive  or  see  anv  imlica- 
tions — \yi  evolved. 


Silver  Plating.-ln  plating  (Tcrman  silver  II.  Krupp,  of"  \'ii.'nna, 
first  deposits  a  galvanic  coating  of  nickel,  next  a  ctKiting  of  o»pjMT 
and  finally  a  coating  of  silver. — Dingier  a  JourniU.  C. 
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Photographs  of  Nebulae. ^J^nssen,  in  congratulating  Draper 
upon  Ills  sut'fe.ssful  pholograpli  of  the  nebula  in  Orion,  recommends 
that  the  greatest  possible  number  of  photographs  should  be  taken,  in 

■different  observatories  where  there  are  suitable  instruments  and  skillful 
observers,  in  order  to  provide  for  a  systematic  study  of  nebular  changes. 
He  has  made  preparations  accordingly  at  Mendon,  and  he  proposes  to 
construct,  upon  a  large  scale,  a  telescope  similar  to  the  one  with  a  very 
short  focus  with  which  he  obtained  in  1871  a  very  luminous  spectrum 

of  the  corona. —  Comptes  Rendus. 

An  Aged  Teacher. — ^Michel-Eugene  Chevreul,  altliough  he  has 
entered  upon  his  ninety-fifth  year,  still  continues  his  lectures  at  the 
museum  of  Natural  History  in  Paris.  He  was  elected  a  member  of 
the  Institute  in  1825  and  he  is  invariably  in  his  seat  at  the  weekly 
sittings  of  the  Academy.  He  was  appointed  Professor  of  Chemistry 
:in  1830,  and  for  fifty  years  he  has  continued  his  instructions  without 
liaving  ever  been  required  to  provide  a  substitute.  The  manuscript 
of  his  programme  for  1880  is  written  in  a  bold  and  beautiful  hand. 
His  figure  is  tall  and  imposing,  his  appearance  still  young  and  fresh 
looking,  his  manners  genial,  calm,  gentle,  and  he  always  welcomes  his 
visitors  with  a  smile. — Lefi  blondes.  C 

Nutricine. — E.  Moride  has  prepared  a  new  elementary  substance 
which  he  calls  nutricine.     He  combines  raw  flesh  with  other  nitro- 
genous food  which  absorbs  the  juices  of  the  flesh  and,  jierhaps,  forms 
with  them  some  organic  combinations  )vhich  are,  as  yet,  undetermined. 
He  dries  the  whole  in  the  air  or  in  a  stove  moderately  heated,  then 
pulverizes  and  sifts  it.    The  powder  is  of  a  fine  gray  or  yellowish  color 
and  of  an  agreeable  taste.     It  may  be  solidified  by  gum  water,  albu- 
men or  grease,  so  as  to  form  tablets,  cylinders  and  cubes  of  various 
Aveight,  which  can  be  divided,  as  needed,  for  making  soups,  sauces  or 
biscuits.     The  nutricine  contains  all  the  elements  of  the  flesh  in  their 
natural  condition ;  even  the  blood  preserves  all  its  properties  of  solu- 
bility, coloration  and  coagulation  under  the  influence  of  heat.     It  is 
uiore  nitrogenous  and  more  nourishing,  for  equal  weights,  than  meat 
itself,  because  all  the  worthless  portions  of  the  meat  are  rejected  and 
the  fluids  are  replaced  by  farinaceous  substances,  which  contain  some 
additional  amount  of  nitrogen.     The  same  system,  when  applied  to 
the  blood  or  meat  of  horses  and  the  refuse  of  abattoirs,  gives  a  useful 
food  for  dogs,  hogs,  chickens  and  ducks. — Comptes  Rendus. 
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The  Atlantic  Cable  and  Hughes  Telegraph. —  By  u-sing  the 
Toinasi  relay  the  Huglies  telegraph  has  been  able  to  print  messjiges 
which  were  transmitted  through  re.si.stance;s  far  greater  than  tho^e  of 
the  Atlantic  cable,  and  Abi>e  Moigno  ventures  the  prediction  that  the 
experiments  will  soon  be  successfully  rei)eated  with  the  c^ble  itself. — 
Les  Mojides.  C. 

Paste  for  Paper. — To  ten  parts  by  weight  of  gum  arabic  add 
three  parts  of  sugar  in  order  to  })revent  the  gum  from  cracking;  then 
add  water  until  the  desired  consistency  is  obtained.  If  a  very  strong 
paste  is  required  add  a  quantity  of  flour  equal  in  weight  to  the  gum, 
without  boiling  the  mixture.  The  paste  improves  in  strength  when  it 
l^egins  to  ferment. —  0/tron.  Indnsfr.  C 

Burnt  steel. — Mere  he:it  does  not  harm  steel  or  iron;  they  may 
be  heated  and  cooled  an  unlimited  number  of  times,  provided  they 
are  not  allowed  to  come  in  contact  with  the  air  so  as  to  absorb  oxygen. 
In  heating  a  piece  of  steel  the  amount  of  bla^^t  has  much  more  to  do 
with  the  burnino;  than  the  heat.  If  the  extra  oxvj'en  is  taken  out  of 
the  burnt  steel  it  can  be  made  to  work  just  as  well  a-^  it  di<l  Itefore. 
The  proof  that  heat  does  not  harm  steel  is  found  in  the  fact  that  if  a 
l)iece  of  steel  is  put  in  a  closed  box,  and  luted  up  so  lus  to  keep  out  the 
air,  it  can  be  heated  and  cooled  an  unlimited  number  of  times  without 
injiuy. — Jj  Tngen.  Univ.  C. 

Light  and  Electricity. — In  IXT-J  \V.  C.  Rontgen  was  leil  by 
ol).-?erving  that  a  glass  plate  which  had  i>ccn  fractured  by  the  electric- 
spark  became  doui)ly  refracting,  to  inquire  whether  a  similar  influence 
might  be  exerted  by  electricity  without  fracture.  Kerr,  (iordon  and 
Mackenzie  subsequently  pul)lishetl  a  series  of  experiments  u[»on  the 
subject,  none  of  which  seemed  very  conclusive  luitil  Kerr's  communi- 
cations appeared  in  the  Philosophical  Magazine  for  1879.  Rfintgen 
was  then  induced  to  experiment  with  various  substances,  and  he  found 
that  transmitted  light  undergoes  changes  through  electric  influences 
which  are  precisely  similar  to  those  of  onlinary  double  refraction. 
The  intensity  varies  in  the  electrical  fleld  with  the  electricjd  force,  and 
it  increases  with  the  difl'erence  of  potential  between  the  ek-ctnKles. 
By  these  experiments  he  has  succee<led  in  th»»roughly  conflrming  the 
dassificiition  of  fluids  as  positive  and  negative. — Ann.  der  Phyn.  und 
Chem.  C. 
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American  Sewing  Machines.  —  The  value  of  the  sewing 
machines  exported  hist  year  was  as  follows:  Germany,  |5->9,000; 
Great  Britain,  $481,000;  Mexico,  $153,000;  Australia,  $110,000; 
Colombia,  $83,000;  Cuba,  $6(?,000;  France,  $41,000;  South  America, 
184,000;  Central  America,  $12,000,  and  other  countries  $82,000, 
making  a  tatal  of  $1,661,000.— i^orfec/ir.  der  Zeit.  C. 

Photographing  the  Chromosphere. — Janssen  has  been  induced, 
bv  his  late  novel  ex[)eriments,  to  undertake  photographs  of  the  chro- 
mosphere. He  allows  the  .solar  luminous  action  to  continue  so  long 
that  the  solar  image  becomes  positive  to  the  very  circumference,  with- 
out going  beyond  it.  The  chromosphere  is  then  shown  in  the  form  of 
a  dark  ring,  with  the  thickness  of  8"  or  10".  He  has  compared  posi- 
tive and  negative  solar  photographs,  which  were  obtained  on  the  same 
day  and  with  the  same  instrument;  the  measurement  of  the  diameters 
shows  that  the  dark  ring  in  question  is  Avholly  outside  of  the  solar 
([h^k.Compies  Rendus.  C. 

Nervous  Velocity  in  the  Lobster.— Fredericq  and  Yaudevelse 
have  been  ex[)erimenting  upon  the  velocity  of  transmission  of  the  jno- 
tive  excitement  in  the  nerves  of  the  claw  of  the  lobster.  They  used 
the  graphic  method,  which  was  employed  by  Helmholtz  in  his  re- 
searches upon  the  propagation  of  the  nervous  motor  influences  in  the 
frog.  In  the  winter  experiments,  at  Ghent,  Avith  a  temperature  of 
10°  to  12°C.  (50°  to  53-6°F.)  they  found  a  velocity  of  about  20  feet 
per  second.  In  the  summer  experiments,  at  Roscoff,  with  a  tempera- 
ture of  from  18°  to  20°C.  (62-4°  to  68°F.)  they  found  velocities  of 
from  30  to  40  feet  per  second. — Coniptes  Rendns.  C. 

Thermal  Theory  of  the  Galvanic  Current.— J.  L.  Hoorweg 
lays  down  the  following  laws:  a.  When  two  conductors  come  into 
contact  a  warm  current  produces  a  development  of  electricity,  hence 
ari.ses  a  constant  electrical  difference  between  the  two  substances. 
6.  If  the  sum  of  the  potential  differences  in  a  closed  circuit  varies  from 
zero  a  continuous  electrical  current  arises  in  the  circuit,  c.  This  cur- 
rent exists  at  the  expen.se  of  the  heat  in  one  of  the  points  of  contact, 
and  it  develops  heat  at  the  other  point,  d.  All  voltaic  currents  are 
thermal  currents.  e.  The  chemical  action  in  the  battery  and  the 
de(<omposition  are  consequences  of  the  galvanic  current. — Ann.  der 
Phys.  und  Chem.  C. 
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Advantages  of  Steel. — Dr.  Siemens,  wliose  thorough  compe- 
tence is  univer.-uUv  known,  claims  tlmt  in  every  wise  when  streiiirth 
ami  magnitude  are  both  I'equired  the  use  of  steel  is  without  a  rival. 
He  asserts  that  even  lor  an  ordinary  lioase  steel  gives  more  security 
than  wood,  is  six  to  eight  times  as  strong,  and  costs  less.  He  thinks 
that  hetore  many  years  elapse  we  shall  see  steel  introduced  into  build- 
ings of  all  kinds,  and  that  it  will  gradually  >upi)hint  iron,  in  the  same 
way  that  iron  already  tends  to  take  the  place  of  wootl. — UEfho 
IndiLsir.  ( '. 

Relations  between  Chemical  Mass  and  Heat  of  Com- 
bination.— ijcrtliclot  lind-  that  tiie  element-  wliji-li  heloiig  t'>  ;iny 
group,  when  they  unite  with  any  given  simple  ljo<ly  in  order  to  form 
comparable  com[)onnds,  set  free  quantities  of  heat  which  vary  inversely 
with  the  chemical  mass;  the  stability  of  the  compound  decreases  in 
the  same  ratio.  The  decrease  sometimes  extends  even  to  the  change 
of  volume  which  is  produced  by  the  combination  of  soli<l  elements, 
■when  they  form  a  solid  cr>mpound.  We  are  thus  enabled  to  investi- 
gate the  mechanical  significance  of  the  various  relations.  —  Couijffrs 
Rendux.  C. 
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A  CouitsE  ox  THE  SriiKssKS  IX  JJiuimtK  AXi)  Roof  Trusse>, 
Arched  Ribs  axd  Suspex.siox  Bridge-^.  Prepared  for  the 
Department  of  Civil  Engineering  at  the  R.-ns'^elaer  Polyter-lini<- 
Institute.  Rv  William  \l.  Burr,  C.E.  8v.».  New  York:  .b»hn 
Wiley  ct  Sons,  1880. 

Any  one  who  has  l)een  through  that  Institute  can  realize  the  advan- 
tage given  to  the  stiulent  by  a  work  ot"  this  kiiul,  a  text-book  prepared 
by  his  own  instructor,  adapteil  by  him  to  tiie  couise  which  he  teaches, 
arranged  according  to  the  methods  and  nt»menclature  of  that  instructor 
and  considering  Just  those  subjects  which  he  feels  to  be  most  important 
for  the  present  wants  of  his  pupil.  This  was  particularly  the  ca.-^e  in 
the  writer's  <lay.  when  the  lecture  system  was  so  largely  nse<I,  and  a 
work  of  this  kind,  especiallv  at  a  time  when  few,  if  anv,  books  on  the 
higher  branches  ot"  engineering  were  i»ui)lislKHl  or  accessible,  would 
have  been,  indeed,  a  great  boon.    How  far  this  want  now  ol>tains,  anl 
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what  methods  are  used  at  the  Institute,  the  writer  is  unable  to  say,  but 
he  has  no  doubt  that  even  with  the  host  of  reliable  text-books  within- 
reach  of  the  student,  the  present  work  will  still  supply  a  deficiency,, 
particularly  at  that  school,  and  also  outside  of  it. 

The  writer  is  well  aware  that  many  practical  details,  important  and 
essential  to  the  engineer,  are  not  treated  of  in  works  of  this  kind,  and 
it  would  be  better  if  they  could  be.  Unfortunately,  however,  the  pro- 
fessors of  our  institutions  seldom  have  the  practical  knowledge  neces- 
sary to  so  treat  them.  The  compensations  paid  are  not  usually  suffi- 
cient to  enable  a  man  highly  skilled  in  practical  attainments  by  many 
years  of  service  to  accept  such  a  position,  as  he  can  do  better  in  the- 
active  practice  of  his  profession  outside.  On  the  other  hand,  the  prac- 
tical man  lias  seldom  the  time,  or  that  inclination  to  literary  pursuits,, 
requisite  to  i)roduce  a  good  book.  His  practical  experience,  too,  is 
part  of  his  "  stock  in  trade,"  and  he-does  not  always  care  to  part  with 
it.  ,  Our  engineering  societies  are  helping  very  much  in  this  matter, 
encouraging  the  preparation  and  reading  of  papers,  and  nuist  be 
mainly  relied  upon  to  further  this  branch  of  the  subject. 

All  that  the  student  can  do  in  his  four  years'  course  at  college,  and. 
all  that  is  expected,  is  that  he  shall  advance  so  far  in  his  theoretical 
studies,  with  such  practical  information  as  it  is  possible  to  give  him,. 
to  put  him  in  a  position  to  continue  his  work  of  gaining  knowledge 
by  himself  after  his  college  days  are  over,  and  to  enable  him  to  take  a 
low  position  in  actual  service,  where  he  can  gain  the  practical  part  of" 
his  profession,  working  it  up  in  connection  with  the  theoretical,  apply- 
ing the  latter  wherever  he  can,  and  gaining  for  himself  a  place  in  the 
world.  It  would  be  impossible  in  four  years  to  gather  in  all  the 
instruction  necessary  to  turn  out  a  full-fledged  practical  engineer.  It 
is  a  great  mistake  to  think  so,  and  although  our  young  graduate  comes 
out  sometimes  with  this  idea,  the  sooner  his  mind  is  disabused  of  it 
the  better  for  himself  and  for  others.  The  best  student  who  ever 
graduated,  when  he  leaves  college  is  nearly  at  the  foot  of  the  ladder^ 

We  are  led  to  these  remarks  by  reading  a  criticism  on  this  work 
from  another  paper,  and  we  want  to  say  that  we  believe  this  book  has 
been  prepared  by  the  author  for  students,  ■  particularly  those  of  the 
Rensselaer  Polytechnic  Institute,  not  for  the  man  who  wishes  t<j  learn 
the  practical  part  of  his  profession. 

The  theory  as  a  usual  thing  must  be  taken  up  at  the  student  time  of 
life,  when  the  brain  is  clear  and  active,  unoppressed  with  cares  of  a 
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professional  business.    Let  tlie  student  get  wliat  practical  part  Ik-  <-an  ; 
do  not  dcnv  it  to  liiiii,  l)Ut  do  not  make  a  sacrifice  of  tlicorv  for  it. 

J.  M.  \V. 


TirEORv  OF  Solid  and  Brackd  ELAisTic  Aikhks;  applitd  to 
Arched  Brid<:;os  and  Roof<  in  Iron,  Wr>od,  Concrete  or  other  Mate- 
rial. Graphicjil  Analysis.  Bv  Win.  Cain,  C.K.  18ino.  New  York  : 
D.  Van  Nostrand,  187i». 

Another  one  of  those  useful  little  Lnjoks  comprising  the  \-m\  Xos- 
trand  science  series  is  now  before  us. 

Tliis  is  the  third  volume  which  Mr.  Cain  has  issueil  on  the  subject 
of  arches.  The  otliers,  particularly  that  on  voassoir  arches,  liave  been 
emjjloyed  by  the  writer  in  practic^il  work  for  some  time,  and  he  <'an 
testify  to  their  usefulness.  The  principles  involved  in  the  discus-^ions 
contjiined  in  the  present  volmne  arc  believed  i^^  be  entirely  corrc<-t, 
and  the  results  are  in  such  a  form  as  to  l)e  practically  available  i»y  the 
engineer  in  any  operations  concerning  arches  which  may  occur  in  his 
business  operations,  matters  that  until  within  the  last  few  years  have 
been  difficult  of  solution  without  much  lal^or,  and  even  then,  perhaps^ 
involving  more  or  less  uncertiiinty. 

The  writer  well  rememl)ers  the  pleasure  with  which  he  j>erused  Mr. 
Baker's  paper  on  arches  some  years  ago,  followed  afterwards  by  Bell, 
in  his  communication  to  the  Instituti<»n  of  (Jivil  Engineers,  whose 
method  was  a  great  advance  on  anything  hitherto  accessible.  He  feels 
sure  that  engineers  will  welcome  Mr.  Cain's  contribution,  as  adding 
considerably  to  our  knowledge  on  this  interesting  subject.       .1.  M.  W  . 


DWELLINti     IIOUSE-S:    TIIEIU    SaMTAKV     CoNSTRUmON     AN1>     AH- 

RANGEMEN-re.     By   Prof.  W.  H.  Cornfield,  M.A.,  M.D.      No.  50 

of  Van  Xostraud'.s  Science  Series.     New  York:   D.  Van  Nostrand. 

1880. 

The  work  before  us  consists  in  the  reprint  from  Van  XoMmnd's 
M(i(/(izineo^  a.  series  of  lectures  upon  a  subject  which  ranks  among  the 
most  practic^il  of  those  which  press  themselves  upon  our  cimsideration; 
alreadv  dignified  as  a  science,  although  a  growth  of  but  thirty  or  forty 
ve^irs  at  the  most,  it  claims  among  its  votiiries  men  of  tident  and  learn- 
ing, tiften  attracted  by  the  opportunities  it  offers  for  exercise  of  their 
ca[)abilities  for  usefulness  in  a  sphere  of  such  unipiestioneil  practie-al 
importance.     The   prevalence  of  serious  diseases  wiiich  scientific  tli— 
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coveiy  lias  associated  with  filth  in  its  various  forms,  has  tended  to 
enlist  the  interest  ot*  all  classes,  and  in  direct  proportion  to  their 
enlightenment,  even  the  sordid  and  mercenary  are  compelled  to  recog- 
nize its  importance  from  a  money  standpoint.  And  while  it  may  be, 
as  is  too  often  the  case,  that  the  hobby  is  saddled  with  more  than  its 
legitimate  burthen,  nevertheless  the  agitation  of  the  matter  will  be  the 
surest  method  of  arriving  at  the  truth,  which  may  be  said  in  the  pre- 
sent ease  to  often  literally  lie  "  at  the  bottom  of  a  well."  The  follow- 
ing jjaragragh  is  so  suggestive  of  the  practical  nature  of  our  subject 
it  requires  no  comment : 

"  It  has  been  clearly  shown  that  the  dampness  of  the  soil  under  the 
houses  is  one  of  the  great  factors  in  the  production  of  consumption. 
Dr.  George  Buchanan  (see  ninth  report  of  the  Medical  Office  of  the 
Privy  Council)  demonstrated  that  in  every  instance  where  the  level  of 
the  subsoil  water  in  a  town  has  beefi  lowered,  that  is  to  say,  where  the 
•distances  between  the  basements  of  the  houses  and  the  level  of  the 
water  in  the  soil  had  been  made  greater,  the  death  rate  from  consump- 
tion had  decreased,  in  one  instance  to  the  extent  of  not  less  than  fifty 
per  cent." 

Attention  is  also  directed  to  the  evil  that  is  known  as  "  made  ground  " 
in  the  neighborhood  of  towns,  consisting  of  rubbish  of  various  kinds 
used  to  raise  the  surface  to  the  proper  grade ;  we  do  not  think,  how- 
ever, that  our  author  is  emphatic  enough  in  his  protest  against  what 
we  regard  as  an  unjustifiable  disregard  of  the  simplest  sanitary  know- 
ledge, for  a  large  element  in  this  rubbish  consists  of  tinman's  scraps, 
which  with  ashes,  et€.,  create  a  porous  and  unstable  foundation,  lial)le 
to  settle  for  a  long  period  after  being  built  upon,  and  in  an  irregular 
manner,  thus  disturbing  the  foundations,  while  providing  facilities  for 
the  formation. of  foul  emanations. 

Attention  is  also  directed  to  the  all-important  fact,  that  Avater  which 
•does  not  indicate  impurity  of  any  kind  to  the  senses  may  yet  contain 
injurious  substances  in  solution,  which  can  only  be  discovered  by 
chemical  analysis,  although  they  may  often  be  suspected  from  its  his- 
tory. While  the  work  is  pregnant  with  important  suggestions,  the 
principal  fault  lies  in  the  attempt  to  illustrate  without  cuts  which,  in 
a  popular  publication,  is  unsatisfactory,  as  it  presumes  an  ability  of 
•discernment  Avhich  the  average  reader  does  not  possess;  there  is,  how- 
ever, much  which  we  commend  to  the  perusal  of  all  who  desire  to  take 
nformation  in  homoeopathic  doses  and  agreeable  forms.      W.  B.  C. 
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Ham.  ok  thi:  Ixstitutk,  Decemher  loth,  1880. 

Tlu!  stated  meeting  was  callo<l  to  order  at  8  o'clock  P.M.,  tiie  Presi- 
dent, Mr.  William  P.  Tatliam,  in  tin;  chair. 

There  were  present  100  nicnihcrs  and  '.\'j  visitors. 

The  niiinites  of  the  last  meetinji:;  w<ire  read  and  a|)|)roved. 

The  President  annonnccd  that  nominations  for  officers  to  serve  tiie 
ensninjr  year  were,  in  accordance  with  Article  XIV,  Section  7,  of  the 
By-Laws,  the  j)rivileged  business  of  the  meeting,  and  after  the  read- 
ing of  the  names  of  those  whose  terms  had  expired  he  asked  for  nomi- 
nations. 

Mr.  Cartwright  nominated  the  retiring  members  of  the  Board. 

Tlie  following  members  were  placed  in  nomination  : 

For  President,  William  P.  Tatham. 
Vice-PreHidcnf,  Charles  I>ullock. 
>iccretary,  Dr.  Isaac  Xorris. 
Trensurer,  Frederick  Fraley. 

Jfanar/ers,  Washington  Jones,  Pliny  E.  Chase,  Jose})h  M. 
Wil>on,  Tlieodore  D.  Rand,  Coleman  Sellers,  Charles  S.  Heller,  Fred- 
erick Graff',  W.  L.  Dii  IJois,  H.  P.  M.  liirkinbine,  (ieorge  V.  Crcsson, 
Henry  G.  Morris,  Robert  Briggs,  A.  E.  ( )uterbridge,  Jr.,  Henrv 
8eybert,  Dr.  Ciiarles  M.  Cresson. 

For  Auditors,  W.  B.  Cooper  and  Louis  S.  Ware. 

Be  present  ative  in  Prnnst/hania  Museum  and  School  of  Indus- 
trial Art.     No  nomination  made. 

The  Actuary  presented  the  minutes  of  the  lioard  of  Manaircrs,  :ind 
announced  that  19  pei-sons  were  elected  members  of  the  Institute  at 
their  last  meeting. 

The  Secretary  reported  the  toUowing  donations  to  the  Librarv  : 

Publication  Industrielle  i\v^  Machines,  Outils  et  Appareils  les  plu> 
])erfectionnes,  etc.  Par  Armengaud  ainc'.  Vols.  1  to  lo  of  text  and 
Vols.  1  to  10  of  i)lates.  From  Fred'k  (Jratf,  Philadelphia. 

Steam  Boilers,  their  Design,  ( 'onstruction  and  Manngement.  Bv 
W.  H.  Shock.  En.in  B.  II.  Bartol,  I»hiladelphia.   * 

Proseingamento  del  Lago  l"'ueino  Eseguito  dal  pi-in<'i|H'.  I>.  A. 
Torlonia.     Firenze,  1871.  From  Fred'k  (iraff. 

Bepurts  from  the  Consuls  of  the  Tnited  States  on  the  Commenv, 
-Manufactures,  etc.,  of  their  Circular  Districts.      Xo.  1.     Oct.,  1880. 

From  the  Stiite  Department,  Washington. 
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Les  Tarifs  des  Cherains  de  Fer  et  I'autoritc  de  I'Etat.  Par  M> 
Leon  Ancoq.  From  the  Author,  Paris. 

Annual  Report  of  the  Surgeon  General,  U.  S.  A.,  for  1880. 

From  the  Surgeon  General. 

United  States  Coast  and  Geodetic  Survey.  Appendix  13  to  Report 
for  1877.  From  the  Survey  Office,  Washington. 

American  Ephemeris  and  Nautical  Almanac  for  1883. 

From  the  Bureau  of  Navigation,  Washington. 

Report  of  the  Commissioner  of  Fish  and  Fisheries  for  1878, 

From  the  Commissioner,  Washington, 

Annual  Report  of  the  Secretary  of  War  for  1880. 

From  the  Secretary,  Washington. 

The  Steam  Engine  Familiarly  Explained  and  Illustrated.  By  D. 
Lardner.  From  W.  P.  Tatham,  Philadelphia. 

Journal  of  the  Royal  Geographical  Society.     Vol.  49.     1879. 

From  the  Society,  London. 

Annual  Reports  of  the  Adjutant  General  of  Pennsylvania  for  1864 
and  1874.  From  the  Adjutant  General,  Harrisburg. 

The  Northwestern  Miller.     January  to  August,  1880. 

From  the  Publishers,  Minneapolis. 

Second  Geological  Survey  of  Pennsvlvania.  Reports  C\  C^  Maps ;. 
G^,  G^;  P;  O^;  R;  T;  Y^. 

From  the  Survey  Office,  Harrisburg. 

Mr.  W.  Barnet  Le  Van  read  the  paper  announced  for  the  evening, 
entitled  "  Ninety  Miles  in  Sixty  Minutes,  or  How  to  Accomplish  the 
Distance  between  New  York  and  Philadelphia  in  One  Hour." 

The  paper  was  a  continuation  of  one  read  by  him,  some  time  ago, 
on  High  Railway  Speeds  (see  Journal  for  July,  1880),  and  under- 
took to  show  the  difficulties  in  the  way  of  running  trains,  at  this  high 
speed  at  present,  and  how  they  could  be  overcome.  The  subject  was 
treated  from  a  technical  point  of  view,  but  some  of  the  facts  men- 
tioned were  of  general  interest.  Thus,  the  distance  in  an  air  line 
between  New  York  and  Philadelphia  was  stated  to  be  a  fraction  less 
than  81  miles  (80'9),  over  a  comparatively  level  country.  The  exist- 
ing ro'ads  are  far  from  being  straight.  On  the  Pennsylvania  line,  in 
the  88*4  miles  between  Philadelphia  and  Jersey  City,  there  are  84 
curves  (fifteen  in  the  fifteen  miles  between  Germantown  Junction  and 
Schenck's  Station).     The  greatest  length  of  straight  track  between  this 
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■city  and  Trenton  docs  not  cxfccd  three  miles,  and  the  greatest  in  the 
entire  road  docs  not  exceed  ten  miles.  The  Pennsylvania  Railroad  is 
not  responsible  for  this  condition  of  the  road,  hut  ha.s,  in  fact,  done 
mucli  to  straighten  the  line,  and,  nutwitli.stiinding  these  drawbacks,  runs 
trains  on  the  road  at  the  rate  of  oO  miles  per  iiour.  On  the  Bound 
Jiiook  route  there  are  forty-three  curves,  one  on  the  Ijridge  cro.ssing 
the  Delaware  river,  which  has  a  radius  of  2860  feet,  is  1837  feet  long 
and  jtscends  19  feet  to  the  mile.  The  greatest  stretch  of  straight  track 
is  from  Skillman's  east  — 14  miles.  To  conipen.sate  f(tr  the  centrifugal 
force  tending  to  throw  the  cars  from  the  track  when  running  at  high 
speeds  on  curves  the  outer  rail  has  to  be  raised.  On  a  curve  of  three 
<legrees  radius  the  super-elevation  required  on  a  gauge  of  fifty-six 
inches,  while  less  tlian  five  inches  at  fifty  miles  an  hour,  would  have  to 
be  ni.decii  inches  at  ninety  miles  per  hour.  On  the  Penn.-^ylvania  road 
the  super-elevation  is  one  inch  for  eiich  degree  of  curvature  up  to  five 
inches,  which  is  the  limit.  The  sj)eed  must  be  reduced  beyond  that  to 
(•(>rrespond  with  the  curve.  This  is  one  of  the  limitations  put  upon 
high  speeds  on  existing  roadways.  Mr.  Le  \zn  considered  others  at 
great  length,  and  summed  up  by  .saying  that,  after  a  careful  study  of 
the  sul)ject,  he  wjis  satisfied  that  a  paying  road  could  be  built  to  run  in 
a  straight  line  between  New  York  and  Philadelphia,  reducing  the  dis- 
tanc(;  ai)out  ten  miles,  and  enabling  trains  to  be  run  through  in  sixty 
minutes.  One  of  the  means  of  effecting  this  purj)o.<e  woidd  be  a 
reduction  of  the  dead-weight  in  the  trains.  The  fast  trains  now  run- 
ning between  this  city  and  New  York  have  generally  four  cars  with 
engine  and  tender,  weighing  2^2,000  pounds,  or  IIG  tons  deail  load, 
and  are  264  feet  long.  For  from  four  to  eight  tons  of  passengei's  ciu"- 
ried,  trains  are  made  up  weighing  from  110  to  150  tons. 

Mr.  Le  Van  thought  it  would  j)ay  U)  build  a  line  so  perfect  in  all 
its  details  as  to  exclude  rival  lines,  and  attract  to  itself  all  the  through 
business.  The  line  he  pictured  cro.s.sed  no  roads  at  grade,  and  iiad 
only  two  curves  of  10,000  feet  radius  each. 

Mr.  Nvstroni  .said  that  there  were  two  di.stinct  problems  in  Mr.  Le 
Van's  project — one  geometrii'al,  the  other  dynamical.  The  geometri- 
cal problem  was  as  to  whether  a  straight  line  was  the  shortest  Ixitween 
twit  pi)iuts,  an  axiom  that  does  not  .seem  to  have  been  recognizeil  by 
railroad  engineci's.  He  did  not  think  the  dynamical  problem  <litlicult 
to  solve.  There  would  be  no  difficulty  in  going  to  New  York  in  even 
less  time  tJKUi  Mr.  Le  Van  proposed,  so  far  :vs  driving  the  engine  wa.-> 
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concerned ;  the   chief  difficulty  is   in   getting   roadway  strong  enough 
and  stable  enough  to  stand  the  pressure. 

A  curiously  constructed  high  speed  rotar}'  engine  was  shown, 
the  inv^ention  of  Mr.  Tegnajider,  of  Gothenburg,  Sweden.  It  is  a 
double-acting  engine,  the  cylinder  having  four  chambers  and  pistons, 
and  when  the  steam  enters  the  chamber  it  acts  ©n  the  bottom  and  top 
of  each  alternate  piston.  The  piston  rods  are  connected  through  liall 
bearing  with  a  circular  plate  keyed  on  the  engine  shaft,  and  when  the 
latter  is  made  to  revolve  by  the  steam  pressure  its  rotary  motion  is 
transmitted  to  the  cylinder  and  pistons,  so  that  every  part  of  the 
engine  is  kept  revolving  except  the  slide  and  steam  chest.  The  inven- 
tor claims  that  the  engine  is  balanced  with  great  nicety,  so  that  the 
weight  of  the  working  parts  is  concentrated  on  the  central  line  of  the 
frame,  and,  consequently,  there  is  very  little  vibration.  The  engine 
is  comparatively  small,  easily  managed,  and  the  inventor  claims  that 
it  is  economical,  and  will  give  high  s[)eed  with  a  minimum  of  wear 
and  tear. 

In  answer  to  questions  as  to  jjower  of  the  engine,  cost,  etc.,  Mr. 
Lofquist,  who  exhibited  it,  said  that  tiie  engine  had  about  S^  effective 
horse-power,  and  when  tested  here  was  running  at  the  rate  of  800 
revolutions  per  minute,  with  50  pounds  of  steam  pressure,  driving  ii 
dynamo-electric  machine,  and  the  packing  had  not  been  touched  since 
the  engine  had  been  tried  in  Sweden.  For  every  5  })ounds  pressure 
per  square  incli,  the  engine  working  with  one-third  expansion,  the 
increase  of  power  was  0'9  horse-i)Ower.  With  100  pounds  pres- 
sure the  effective  horse-power  was^  15,  when  tested  in  Sweden. 
The  price  at  which  such  engines  can  be  sold  has  not  been  determined. 
This  one,  made  in  Sweden  and  constructed  by  itself,  cost  about  $200. 

Mr.  Orr  inquired  whether  there  had  been  any  test  of  its  durability. 
The  reply  was  that  there  had  been  no  prolonged  test.  This  engine 
had  been  in  use  for  about  eight  months,  and  was  perfectly  steam 
tight. 

Mr.  Robert  Briggs  said  that  his  anticipations  about  this  engine  had 
been  more  than  realized.  It  was  one  of  the  prettiest  specimens  of  this 
class  of  engines  that  he  had  ever  seen.  It  was  not  absolutely  new, 
but  presented  many  features  that  were  improvements  upon  "older 
engines.  It  is  economical  in  bed  plate,  its  moving  parts  are  arranged 
so  that  it  runs  quite  independent  of  any  fly  wheel,  and  it/is 
therefore  very  well  suited  for  use  in  small  yachts.  The  first  disk 
engine  was  made  for  this  purpose,  but  could  not  be  kept  steaniHight,. 
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altliougli  ill  the  liands  of  some  of  tlie  leading  engineers  of  England. 
Til  is  engine  of  eight  horse-power  represents  one  that,  of  another  type, 
would  weiy;h  six  or  ei»:Iit  times  as  much.  There  are  three  or  fonr 
movements  of  the  same  class,  and  Mi'.  Briggs  describe<l  some  of 
them. 

Mr.  Jones  inqnired  whether  Mr.  Jiriggs  remembered  a  Boston 
engine,  with  four  cylinders,  designed  to  be  used  a.s  a  fire-engine,  saying 
that  it  ap])eared  to  him  to  be  very  similar  to  this. 

Mr.  Briggs  said  he  could  not  recall  that  ])articular  engine,  but  had 
seen  several  that  were  similar  in  form  and  mcn-ement. 

Mr.  Tatham  said  that  at  least  thirty-five  years  ago  an  inventor  came 
to  Philadelphia  from  Richmond,  Va.,  with  ]>lans  of  an  engine  substan- 
tially the  same  as  this,  and  having  the  cylinder  set  at  an  angle  to  the 
engine  shaft,  like  this, 

Mr.  Eldridge  inquired  whether  the  movement  wjts  not  just  the  reverse 
of  a  blower  shown  at  the  Institute  some  years  ago.  In  regard  to  the 
engine  described  l>y  Mr.  l^riggs,  and  of  which  he  had  made  a  drawing, 
Mr.  Eldridge  said  that  he  had  seen  one  like  it  at  the  Paris  Exposition 
two  years  ago. 

Mr.  Briggs  could  not  recall  to  memory  the  blower  menti<»ncd  by 
Mr.  Eldridge,  but,  continuing  his  remarks,  said  that  the  disk  engine 
in  England  had  ])roved  a  failure.  It  diifered,  however,  in  its  details 
from  this. 

Prof.  Marks  said  that  this  and  the  engine  described  by  Mr.  Briggs 
were  of  a  very  old  type,  that  has  been  re-invented  about  every  five 
years  since  the  beginning  of  the  century.  A  full  description  of  many 
of  them  may  be  found  under  the  head  of  Chamber  Crank  Trains,  in 
Reuleaux's  Kinematics  of  Machinery,  translated  by  A.  B.  A\'.  Ken- 
nedy. 

In  answer  to  further  iiKpiiries,  it  was  stated  that  a  3(>  horse-power 
engine  of  this  type  had  been  built  as  well  as  the  one  exhibited,  and 
several  of  smaller  horse-power.  A  recent  number  of  the  Tvkni.^h 
Tidskrift  states  that  consideral)l('  interest  is  being  taken  in  the  inven- 
tion by  the  Society  of  Civil  Engineers  of  Stockholm. 

The  Secretary's  report  included  an  account  of  Dantel's  Safety  Lock, 
where,  by  a  simple  adjustment,  an  increiised  security  is  obtained  with- 
out additional  cost  in  its  manufacture,  and  after  closing  the  door  the 
mere  operation  of  latching  with  the  knob  simultaneously  bolts  the 
lock,  and  throws  a  guard  (»!"  chilled   iron  over  the  keylmle,  j)reventing 
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its  unlock iug  with  the  key  or  other  implement.  Another  advantage 
claimed  is  that  in  the  event  of  fire  or  other  cause  for  alarm,  the  opera- 
tion of  opening  by  the  knob  from  the  inside  at  the  same  time  unlocks 
the  door,  and  the  loss  of  the  key,  therefore,  does  not  impair  the  effi- 
ciencv  of  the  contrivance,  while  extra  bolts,  chains,  etc.,  on  the  door 
are  done  away,  the  mechanism  being  very  simple  and,  it  is  thought, 
durable  in  action. 

Attention  was  called  to  Lance's  Wood  and  Rubber  Step  Pads, 
adjustable  to  any  step ;  Haedrich's  Improved  Horse  Sandal,  and  the 
letter  of  endorsement  from  Henry  Bergli,  highly  recommending  the 
invention  ;  Campbell  &  Co.'s  Horse  Sandal,  and  Evans'  Heat  Deflector 
and  Gas  Escapement  Damper,  in  which  the  cone-shaped  deflector  is 
attached  to  the  centre  of  a  duplex  iron  valve,  capable  of  being  revolved 
and  opened  or  closed  at  will. 

Reports  from  the  Committees  on  a  New  Building  and  upon  Prof". 
Frazer's  resolution  with  regard  to  Expert  Testimony  were  read. 

]Mr.  W.  B.  Coo})er's  amendment  to  Article  V,  Section  2,  of  the 
By-Laws,  that  "  no  vote  shall  bs  cast  by  proxy,"  was  adopted. 

Mr.  Theodore  D.  Rand's  resolution,  asking  the  Pennsylvania  Legis- 
lature to  continue  the  appropriation  to  the  Geological  Survey  of  the 
State,  was,  on  motion,  adopted. 

Mr.  Hector  Orr's  resolution,  asking  Congress  to  adopt  Electric 
Lighting  for  Washington,  was  defeated. 

Mr.  Albert  G.  Buzby's  resolution,  asking  for  a  committee  of  five 

•members  to  report  at  the  next  ineeting  whether  the  usefulness  of  the 

Institute  as  a  promoter  of  the  Mechanic  Arts  could  not  be  increased 

by  a  re-organization  of  tlie  Committee  on  Ssience  and  the  Arts,  and 

changes  in  its  methods  of  granting  awards,  etc.,  was  adopted. 

The  Secretary  announced  the  deaths  of  Mr.  George  R.  Barker  and 
Dr.  Alexander  Wilcocks,  and  asked  that  committees  might  be  appointed 
to  prepare  suitable  memorials,  which  was  adopted. 

Mr.  Cartwright  moved  that  the  Secretary  be  instructed  to  issue  a 
printed  card  containing  the  dates  of  Stated  Meetings,  the  names  of 
Standing  Committees  and  other  information  of  interest  to  members, 
and  to  advertise  the  j)apers  to  be  read  and  other  business  to  be  brought 
forward  in  a  morning  and  an  evening  paper,  in  place  of  the  postal 
cards  sent  to  the  members,  but  it  was  not  agreed  to. 
Upon  motion,  the  Institute  adjourned. 

Isaac  Norris,  M.D.,  Secretary. 
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On  the  experiments  with  the  PERKINS  MACHINERY 
OF  the  STEAM  YACHT  "  ANTHRACITE." 


By   Chief-Engineer   I.sherwood,    United   States   Navv. 

I  Continued  from  page  17.) 

Experiment  made  at  the  New  York  Navy  Yard  with  the 
Machinery  of  the  Steam  Yacht  "Anthracite"  to  Ascer- 
tain ITS  Economic  Development  of  Power. 
The  following  table  contains  the  data  and  result."^  of  the  ex[)erinient 
made  by  the  Board  of  Naval  Engineei*s  on  the  machinerv  of  the  steam 
yacht  Anthracite  to  ascertain  its  economic  development  of  power,  the 
vessel  being  secured  stationary  to  the  wliarf  of  the  New  York  navy 
yard.     For  facility  of  reference  tiie  quantities  have  i>een  arrauirod  in 
groups,  and  the  description  of  each  is  so  fidl  that  but   little  additional 
explanation  is  required. 

The  experiment  continued,  uninterruptedly,  li."*  hours  and  58  minutes, 
during  which  all  the  conditions  were  maintiiined  as  uniformly  as 
possible.  The  machinery  throughout  this  time  was  opei-atetl  by  Mr. 
Perkins'  engineers  and  fireman  in  the  manner  which  tiieir  experience 
had  taught  them  woidd  pnHlucc  the  highest  economic  results. 

The  fuel  wa.s  semi-bituminous  coal  Irom  the  Cumberlau<l  mines  in 
Maryland,  and  was  rather  below  the  average  (piality.  The  expcri- 
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raent  was  commenced  witli  a  clean  fire  in  full  action,  after  the 
machinery  had  been  several  hours  in  operation,  and  was  ended  Avith 
the  fire  in  the  same  condition  as  regards  cleanliness  and  thickness  as 
nearly  as  could  be  judged  by  the  eye.  Tlie  coal  was  accurately 
weighed  on  shore  into  bags  of  uniform  weight  and  delivered  on  board 
as  required,  the  bunkers  of  the  vessel  having  been  previously  sealed. 
The  time  of  emptying  each  bag  was  noted  in  the  steam  log  or  engine 
room  record.  The  fire  was  kept  well  cleaned,  leveled,  and  free  of 
holes ;  and  all  the  refuse  from  the  coal,  in  ash,  clinker,  soot  and  dust 
was  carefully  weighed  in  the  dry  state. 

The  quantity  of  feed  water  pumped  into  the  boiler  during  the 
experiment  was  accurately  measured  in  two  iron  tanks  placed  on  the 
vessel's  deck  and  filled  alternately  by  the  water  of  condensation 
delivered  from  the  condenser  by  the  air  pump.  At  the  end  of  the 
experiment  the  level  of  the  water  in  the  glass  gauge  of  the  boiler  was 
made  the  same  as  at  the  beginning,  and  the  quantity  required  for  this 
purpose  was  measured  in  the  tanks  with  the  rest.  The  weight  of 
water  was  calculated  from  the  carefully  measured  contents  in  cubic 
feet  of  the  tanks,  the  number  of  tankfuls  emptied,  and  the  weight  of 
the  water  per  cubic  foot  at  the  temperature  it  had  in  the  tanks.  The 
exact  time  at  which  each  tankful  was  emptied  was  noted  in  the  steam 
log. 

The  number  of  double  strokes  made  by  the  pistons  of  the  engine, 
or  revolutions  of  the  main  shaft,  were  given  by  a  counter  worked  by 
the  engine,  the  number  on  the  counter  being  entered  half  hourly  in 
the  steam  log. 

The  steam  pressure  in  the  boiler  and  in  the  receiver  was  noted  from 
gauges  in  the  engine  room,  and  entered  half  hourly  in  the  steam  log, 
as  well  as  the  vacuum  in  the  condenser,  and  the  height  of  the  barome- 
ter. The  throttle  valve  was  carried  wide  open  during  the  entire 
experiment.  At  half  hourly  intervals  the  temperatures  were  noted  of 
the  external  atmosphere  on  deck,  of  the  air  in  the  engine  room,  of  the 
injection  or  sea  water,  of  the  water  discharged  overboard  by  the  circu- 
lating pump,  of  the  feed  water  in  the  hot  well,  and  of  the  feed  water 
in  the  tanks.  The  following  table  contains  the  means  of  all  these 
half  hourly  observations.  The  temperatures  given  in  the  table  of  the 
steam  in  the  boiler,  and  in  the  first  cylinder  at  the  commencement  of 
the  stroke  of  its  piston,  considered  as  saturated  in  both  cases,  are  cal- 
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<3ulat€d  from  a  formula  dwliiced  fn»in   the  exj)eriments  of"  the  French 
Academy  an<l  of  the  Franklin  Institute. 

During  the  experiment  a  complete  set  of  indicator  diagrams  were 
taken  every  half  hour,  the  means  from  all  which  are  given  in  the  fol- 
lowing table.  Four  indicators  were  employed  and  they  remained  per- 
manently in  jKtsition,  attached  to  the  cylinders  by  short  straight  pipes. 
A  set  oi'  diagrams  comprised  one  from  the  top  of  the  first  (vlinder, 
one  from  the  bott<^)m  of  the  second  cylinder,  and  two  resi)ectively  from 
the  toj)  and  bottom  of  the  tliird  cylinder,  Tiiere  were  taken  in  all 
one  hundred  and  ninety-two  diagrams. 

The  point  at  which  the  steam  wa.s  cut  off  in  the  first  and  third  cyl- 
inders, respectively,  was  obtainetl  from  the  diagrams  and  corresponds 
to  the  point  of  inflection  between  the  throttle<l  and  expansion  curves. 

The  pressures  in  the  cylinders  are  the  means  given  by  all  the  dia- 
grams, which  were  metisured  for  the  pressure  at  the  commencement  of 
the  stroke  of  the  piston,  at  the  point  of  cutting  off  the  steam,  and  at 
the  end  of  the  stroke  of  the  piston,  all  above  zero  or  the  line  of  no 
pressure  as  given  by  the  barometer.  The  mean  back  pressure  against 
the  pistons  during  their  stroke,  and  the  back  pressure  at  the  com- 
mencement of  the  stroke,  are  given,  both  above  zero,  the  latter  back 
pressure  is  the  minimum  in  the  cylinder.  The  indicateil  pressure, 
representing  the  mean  ordinate  of  the  diagrams,  was  obtained  by  a 
planimeter.  The  net  pressure  given  in  the  tal)le  is  the  indicated  j)res- 
sure  less  two  pounds  per  scjuare  inch  of  pi.stons  allowed  for  overcoming 
the  friction  per  se  of  the  moving  parts  of  the  engine.  What  is  called 
the  total  pressure  on  the  piston  is  the  sum  of  the  indicated  pressure 
upon,  and  of  the  mean  back  pressure  against,  the  piston  during  its 
stroke. 

Some  explanation  may  i)e  requiretl  as  to  the  calculation  of  the  various 
liorses-power  given  in  the  tabU-,  and  the  uses  made  <»f  them.  Of  coui"se, 
the  indicated  and  the  net  horses-power  develoi>ed  in  the  different  cyl- 
inders are  calculate<l  from  the  entire  areas  of  their  resj>ective  pistons 
and  for  the  indicateil  and  net  pressures  upon  them.  The  total  hoi"ses- 
jK)wer  developed  in  the  first  cylinder  are  also  calculated  in  the  same 
manner  from  the  total  i)ressure  on  the  piston  and  from  its  entire  avea. 
The  totid  horees-powcr  developed  in  the  second  cylinder,  while  c:»lcu- 
late<l  for  the  total  pressure  upou  its  piston  per  s(|uare  inch,  arc  not 
<'alculated  for  the  entire  area  of  its  piston,  but  only  for  the  annular 
space  remaining  after  the  area  of  the  piston  of  the  first  cylinder  has 
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been  deducted  from  the  area  of  the  piston  of  the  second  cylinder.  In 
like  manner,  the  total  hor.ses-pawer  developed  in  the  third  cylinder 
is  not  calculated  for  the  entire  area  of  its  piston,  but  for  only  the 
annular  superficies  left  by  the  subtraction  of  the  area  of  the  piston  of 
the  second  cylinder  from  the  area  of  the  piston  of  the  third  cylinder,, 
and  for  tlie  total  pressure  upon  that  superficies  in  pounds  per  square 
inch. 

In  the  compound  engine,  the  back  pressure  overcome  by  the  piston  of 
the  small  cylinder  is  more  or  less  utilized  upon  or  transferretl  to  the 
piston  of  the  large  cylinder,  where,  for  a  superficies  equal  to  the  area  of 
the  piston  ot  the  small  cylinder,  it  develops  a  pressure  equal  to  the  sum 
of  the  indicated  and  back  pressures  per  square  inch  upon  the  piston  of 
the  large  cylinder.  Thus  a  portion  of  tiie  indicated  horses-power 
developed  in  the  large  cylinder  is  really  developed  by  the  piston  of 
the  small  cvlinder.  The  only  portion  of  the  indicated  horses-power 
developed  in  the  large  cylinder  that  is  developed  by  its  piston  is  what 
is  due  to  the  remainder  of  the  area  of  that  piston  after  subtraction  of 
the  area  of  the  piston  of  the  small  cylinder.  And  the  total  horses- 
power  developed  by  the  piston  of  the  large  cylinder  is  what  is  due  to 
the  annular  superficies  left  by  the  above  subtraction  and  to  the  total 
pressure  upon  it  composed  of  the  sum  of  the  indicated  and  back  pres- 
sures upon  the  piston  of  the  large  cylinder  per  square  inch. 

The  total  horses-power  represents  the  entire  dynamic  effect  produced 
by  the  steam,  and,  in  the  compound  engine,  as  in  the  simple  engine, 
would  be  the  sum  of  the  indicated  horses-power  developed  in  the  small 
cylinder  and  in  the  large  cylinder,  and  of  the  horses-power  required 
to  overcome  the  back  pressure  against  the  piston  of  the  large  cylinder,, 
the  latter  power  being  calculated  for  the  entire  area  of  the  piston  of 
the  large  cylinder  and  for  the  back  pressure  against  it  in  pounds  per 
square  inch  above  zero,  were  there  no  loss  of  pressure  due  to  the- 
transfer  of  the  steam  from  the  small  to  the  large  cylinder,  but  as  there 
always  is  such  loss  it  amounts  to  its  value  of  back  pressure  against  the 
piston  of  the  small  cylinder  not  utilized  as  pressure  upon  the  piston  of 
the  large  cylinder.  With  the  same  back  pressure  against  the  piston  of" 
the  large  cylinder  of  the  compound  engine  as  against  the  piston  of  the 
simple  engine,  and  with  the  sum  of  the  indicated  pressures  on  the  pis- 
tons of  the  compound  engine  reduced  to  the  area  of  its  large  piston^ 
equal  to  the  indicated  pressure  on  the  piston  of  the  simple  engine,. 
there  will  always  be  a  less  proportion  of  the  total  pressure  utilized  in. 
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the  f'Om|nmii<l  than  in  thr  sini|»l<'  eii;,niif.  In  tin-  (•(.injxiiiinl  rni^iiic, 
tlien,  the  total  liorses-power  is  tlie  siiin  of  tlie  indiwited  liorse.s-j)o\ver 
and  the  horses- power  re(|iiire(l  to  overeonie  the  back  ])ressiires  asriiiiist 
the  pistons,  ejihnilatini:-  tlic  latter  j)ower  separately  for  ea«'h  piston.  Jt 
is  essential  to  know,  not  only  the  total  hors<'s-])ow('r  developed  hy  the 
•engine  Ji'^  a  whole,  hut  the  fractions  of  that  j>ower  develoj)e<l  by  the 
piston  of  the  small  cylinder  and  by  the  j>iston  of  the  large  cylinder; 
^because,  in  ciileulating  the  weigiit  of  steam  accounte<l  for  by  the  indi- 
cator at  any  point  of  either  piston  after  the  closing  of  the  cut-ott'  valve, 
it  is  necessary  to  know  not  only  the  pressure  of  steam  at  said  point,  but 
also  the  total  hoi"ses-power  whicji  have  been  <leveloped  up  to  that  point 
by  the  expanded  steam  alone,  that  is,  by  the  steam  after  the  closing  of 
the  cut-off' valve,  the  weight  of  steam  condensed  in  the  cylinder  to  fur- 
nish the  heat  transmuted  into  the  total  horses-power  develoj)ed  by  the 
expanded  steam  alone  having  to  be  added  to  the  weight  due  to  the 
preasure  at  the  given  point. 

In  calculating  the  weight  of  steam  accounted  for  by  the  indicator  at 
the  point  ()f  cutting  otf  the  steam  in  the  small  cylinder  nothing  is  to 
l)e  added  for  condensation  in  the  cylinder  due  to  transmutation  of  heat 
into  the  total  j)ower  developed  uj)  to  that  j»oint,  the  heat  for  that  pur- 
pose having  been  expended  in  the  boiler  during  the  generation  of  the 
steam.  After  the  closing  of  the  cut-off  valve  in  the  small  cylinder 
all  the  steam  thenceforth  used  to  the  end  of  the  stntke  of  the  piston 
of  the  large  cylinder  is  expanded  steam. 

In  c-alculating  the  weight  of  steam  accounted  for  by  the  indicator  at 
any  point,from  the  steam  pressure  there  present,  allowance  must  be  made 
for  the  weight  of  steam  already  in  the  clearance  and  steam  jntssage  of 
the  cylinder  when  the  b<»iler  steam  enters,  as  only  the  exce.s><  over  this 
■weight  has  been  drawn  from  the  boiler.  The  weight  of  steam  in  tlu 
clearance  and  steam  pass;ige  present  when  the  boiler  steam  entei-s  i> 
calculated  from  the  bai'k  pressure  against  the  piston  at  the  commence- 
ment of  its  stroke,  and  not  from  the  mean  back  pressure  diu'ing  it> 
stroke.  This  is  why  the  l>ack  pressure  at  the  commencement  of  the 
stroke  ot"  the  pistons  is  given  separatelv  in  the  taide. 

The  economic  results  are  y;iven  for  the  cost  of  the  iudicat<Hl,net  and  total 
•^loi'se-power  in  pounds  of  coal,  in  pounds  of  the  combustible  portion 
of  the  coal,  in  pounds  oi'  feed  water,  and  in  Fahrenheit  units  of  heat 
consumed  per  hour.  Of  these,  the  latter  alone  is  exact  for  comparison 
with  the  performances  of  other  engine.s.     The  cost  in  pounds  of  fee<i 
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water  does  not  include  the  difference  in  the  totiil  heats  of  steam  of" 
different  pressures,  and  in  the  total  heats  of  feed  water  of  different 
temperatures,  which  the  cost  in  units  of  heat  does.  The  cost  in  fuel  is 
variable  with  the  quality  of  the  fuel,  with  the  rate  of  its  combustion, 
with  the  kind  and  proportions  of  boiler  in  which  it  is  consumed,  and 
with  the  skill  of  the  tireman ;  the  fuel  measure  is  therefore  not  a  proper 
one  for  the  economic  efficiency  of  the  engine,  per  se,  as  compared  with 
that  of  other  engines,  for  which  purpose  it  furnishes  but  a  rough  approx- 
imation. The  true  engineering  comparison  is  for  the  cost  of  the  total 
horse-power  in  units  of  heat  consumed  per  hour.  For  commercial 
purposes  the  comparison  should  be  for  the  cost  of  the  net  horse-power 
in  units  of  heat  consumed  per  hour.  The  total  horse-power  repre- 
senting the  entire  work  done  by  the  steam,  both  usefully  and  in  over- 
coming prejudicial  resistances  within  the  machine  itself,  while  the  net 
horse-power  represents  only  the  work  done  at  the  crank  pin,  which  is  the 
useful  work  available  for  purposes  exterior  to  the  machine  itself.  The 
number  of  Fahrenheit  luiits  of  heat  expended  per  hour  per  indicated, 
net  and  total  hoi'se-i>ower  developed  by  the  engine,  is  the  product  of 
the  multiplication  respectively  of  the  pounds  of  feed  water  consumed 
per  hour  per  each  of  the  said  horse-powers  by  the  number  of  units  of 
heat  put  into  that  water,  namely,  tlie  difference  between  the  total  heat 
of  the  boiler  steam  and  the  total  heat  of  the  feed  water. 

If  the  oljject  be  to  compare  the  economic  efficiency  of  two  sys- 
tems of  machinery,  as  a  whole,  including  engine,  boiler,  method  of 
using  the  steam,  etc.,  then  the  cost  of  the  net  horse-power  developed  in 
pounds  of  fuel  consumed  per  hour  is  the  projier  measure,  taking  care 
that  the  fuel  used  is  the  same  in  both  cases. 

In  the  various  calculations  of  the  quantities  in  the  following  table 
allowance  has  been  made  for  the  different  specific  heats  of  water  at 
different  temperatures  and  under  different  pressures.  Also  for  the 
different  total  and  latent  heats  of  steam  of  different  pressures.  All 
the  steam  in  the  cylinders  was  in  the  saturated  state,  as  appears  from 
the  difference  in  the  weight  of  steam  accounted  for  at  any  point  by  the 
indicator  and  the  weight  drawn  from  the  boiler. 

All  the  various  quantities  observed  during  the  experiment  were 
carefully  noted  personally  by  experienced  assistant  engineers  of  the 
Navy  under  the  supervision  of  the  Chief  Engineers  composing  the 
Board.  The  indicator  diagrams  were  taken  by  these  assistants  with 
ever}'  precaution,  the  indicators  having  been  previoasly  tested,  as  were 
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also  the  scales  u.sed  for  weighing  the  coal  and  its  refuse.  Every  atten- 
tion was  given  to  have  the  results  minutely  accurate.  The  cylinders, 
on  trial,  showed  no  leakage,  and  it  is  believed  the  entire  inachiiicrv 
was  in  excellent  condition. 
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Table  containiny  the  DcUa  and  Results  of  the  Experiment  made  at  the 
New  York  Navy  Yard  on  the  Machinery  of  the  Steam  Yacht 
Anthracite  by  a  Board  of  rnited  States  Navcd  Engineers. 

Date    of    experiment    (vessel    .sevure<l     stationary     to )  August  13, 
wliarf),     .  .  .  .  .  .  .    ifel4,  1,S8(.. 

Number  of  sets  of  imlieator  diiigrams,  taken  half-hourly,       4n 
f  Duration  of  the  exiieriiueut  in  hours  uimI  miuute«,  con- 
secutively. .  .  i-l  58 
Total  iiuniber  of  ixtuiids  consumed  of  ( 'iiiiil)erlau<l  seini- 
liituiniiious  coal,      .                .                .                .                • 

Total   numlter  of  jkiuihIs  of  refuse  in  ash,  elinker,  et<-., 
from  the  coal,  .  .  .  •  • 

Total  number  of  iM)un<ls  of  combustible  (gasiftable  por- 
tion of  the  coal)  consumed, 
Per  centum  of  the  coal  in  refuse  of  a^h,  clinker,  etc., 
Totid  numlter  of  pounds  of  feed  water  i»umped  into  the 
boiler,         ....•• 

Total  nund)er  of  doultle  strokes  made  by  th»-  pistons  of 

I.      the  engine,  .  .  .  ■  • 

[  Steam  pressure  in  the  l)oiler,  in  pounds  pers«iuare  ineh 

above  the  atmosphere,  .  .  • 

Steiim   pressure  in    the  receiver,  in    pounds  per  s<juar»- 

inch  alH)ve  the  atmospiiere, 
Position  of  the  throttle  valve, 
Fraction  complete<l  of  the  stroke  of  the  piston  of  the 

l9t  cylinder  when  the  steam  was  <'Ut  off", 
Fraction  completed  of  the  stroke  of  the  |>iston  of  the 

.Sd  cylinder  when  the  steam  was  eut  ott*, 
Number  of  times  the  steam  was  expanded, 
In  none  of  the  cylinders  was  the  steam  cusliioned.  nor 

was  there  either  steam  or  exhaust  lead. 
Vacuum  in  the  condenser,  in  inches  of  mercury. 
Height  of  the  baronietiT,  in  inches  of  mercury, 
Ba«'k   pressure  in  the  con<lenser,  in  })ounds  per  s«juare 
inch  above  zero,       .  .  .  .  ■ 

Nundier  of  double   strokes    made    per    mlnut«-    by  th» 
I       steam  pistons,  .... 
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f  Temperature,  in  degrees   Fahrenheit,  of  tlie  external 

I      atmosphere,  .....  77'5 

I  Temi:)ei'ature,   in   degrees    Fahrenlieit,   of    the  engine 

]      room,  ......  98-5 

Temperature,  in  degrees  Fahrenheit,  of  the  injection, 
H         or  sea  water,  .....  7tt-0 

;-  I  Temperature,  in  degrees  Fahrenheit,  of  the  discharge 

%  i      water,         .  .  .  .  .  .  9o-0 

^  I  Temperature,  in  degrees  Fahrenheit,  of  the  hot  well,  122-() 

^      Temperature,  in  degrees  Fahrenheit,  of  the  feed  Mater 

a  I      in  the  tanks,  .....         120'.5 

^  I  Temjierature,  in  degrees  Fahrenheit,  of  the  steani  in 

I      the  holier,  considered  as  saturated,    .  .  .         420"0 

Temperature,  in  degrees   Falirenheit,  of  the  steam  in 
the  1st  cylinder  at  the  commencement  of  the  stroke 
i      of  the  piston,  considered  as  saturated,  .  .         385'0 

r  Pounds  of  coal  consumed  per  hour,     .  .  .         183'o88o 

Pounds  of  combustible  consumed  per  hour,  .  151*2101 

Pounds  of  coal  consumed  per  hour  per  square  foot  of 

grate,  ..."...  11-9869 

Pounds  of  combustible  consumed  i>er  hour  per  square 

foot  of  grate,  .....  9-8728 

Pounds  of  coal  consumed  \wv  hour  per  square  foot  of 

outer  heating  surface,  ....  0-6115 

Pounds  of  coal  consumed  per  hour  per  scjuare  foot  of 

inner  heating  surface,  ....  0-8142 

Pounds  of  combustible  consumed  per  hour  per  square 

foot  of  outer  heating  surface,  .  .  .  0-5086 

Pounds  of  combustible  consumed  per  hour  per  .scjuare 

foot  of  inner  heating  surface,  .  .  .  0-6706 

Pressure  on  piston  of  1st  cylinder  at  commencement  of 
its  stroke,  in  pounds  per  square  inch  above  zero,  .         201 '64 

Pressure  on  piston  of  1st  cylinder  at  the  point  of  cut- 
ting off  the  steam,  in  j^ounds  per  square  inch  aljove 
zero  ......         169-12 

Pressure  on  piston  of  1st  cylinder  at  the  end  of  its 
stroke,  in  pounds  per  square  inch  above  zero,  .  91-50 

Mean  back  pressure  against  piston  of  1st  cylinder  dur- 
ing its  stroke,  in  pounds  per  square  inch  above  zero,  .  45-95 

Back  pressure  against  piston  of  1st  cylinder  at  com- 
mencement of  its  stroke,  in  pounds  per  square  incli 
above  zero,  .....  36-57 

Indicated  pressure  on  piston  of  1st  cylinder,  in  pounds 
per  square  inch,      .  .  .  .  .         110-98 

Net  pressure  on  piston  of  1st  cylinder,  in  pounds  per 

square  inch,  .....         108-98 

m       I  Total  pressure  on  piston  of  1st  cylinder,  in  pounds  per 

j      square  inch  above  zero,        ....         156-93 
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Pre«>»uiv  oil  j»isl<jii  oC  ilil   lylimlt-r  at  coiiiiiiL-iHeiiiciit  of 

its  strokr,  in  poiiiKl.s  per  .s(juare  inch  aliovi-  zero.  »»<)•(» 

I'ressiire  on    jtiHton   of   :i«l   cyliniler  at   the  end  of  ii- 

Htroke,  in  poiindH  i>er  scjiuire  inch  ai^ove  zero,  I'.'io 

Mean  back  pressure  aj/aiiist  piston  of  2(\  cylinckr  ilm- 

iiif;  its  stroke,  in  pounds  j)cr  square  inch  aliove  zero,  .  .;r<Ki 

Back    jiresHure   aj^ainst    pist<in  of  :.'d    cylinder  at  coni- 

nieiicenicnt  <jf  its  >inikc,  in   p«Minds  per  s(juare  iiu-h 

ahove  zero,  .....  .'.(iL'i) 

Indicated  i)ressurc  on   pi>ton  of  I'd  fyiindcr,  in  pouiid.- 

per  .><quare  inch,       .....  l()'r>87 

Net  pressure  on   jiistoii  <>f  lid   cylindtT,  in   pounds  per 

s(juare  incli,  .....  H'^^ 

Total   pressure  on   piston  of  -Jd  cylinder,  in  pounds  j)er 

»«|Uare  incii  above  zero,         ....  4rV.t7 

f  Pres.sure  on  jiiston  of  .U\  lylinder  at  foiiiiiiein-eiiHiit  of 

I      its  stroke,  in  ixtuiidss  i>er  sijuare  inch  abovf  zero.  JTTl 

I  Pressure  on  piston  of  .'^•l   cylinder  at  tin-  point  of  cut- 

I      tiiijr  oti"  tlie  steam,  ill   iiouiid>  per  s(|uan'  incii  aliove 

zero.  ......  2-'l^ 

Pressure   on    piston  of  .Sd    cylinder   at    tJie   eiui  of  its 
I      stroke,  in  jmunds  per  .sijuare  inch  aiiove  zero,  'J'.Vt 

Mean  back  pressure  ajjainst  piston  of  3d  cyliniler  liur- 
I      injr  its  stroke,  in  pounds  jier  .sijuare  inch  aijove  zero,  .  4lM 

j  Ba<'k  i>r«'ssure  airaiiist  piston  of  8d  cylinder  at  eoni- 
I  nieiiceinent  of  its  stroke,  in  pounds  j>er  ^<|iiarc  inch 
I       aliove  zero,  .....  .'174 

Indicated  pressure  on  piston  of  :ul  cylinder,  in  pouml- 
per  sijuare  inch,       .....  l:i-4")7 

I  Net  pre8.sure  on  piston  of  :u\  cylinder,  in  pr>unds  per 
I      s(|uare  inch,  .....  lo-4.")7 

Total   pressure  on   pi>ion  of  ;;d  cvlimier,  in  |iouiids  jier 
I      square  incli  al>ove  zero,  ....  l(i'«K>7 

No.  of  i)ounds  of  water  that  would  have  bit-n  vaporized 
in  the  boiler  hati  the  feed  water  been  supi)lie<l  at  the 
teniperatur«' «>f  1(M»  decrees,  and  vajiorized  under  the 
atmospheric  pressure  of  L'tcjt'J  inches  of  mercury.  .S»V><)J»*«2S!» 

No.  of  pounds  of  water  that  would  have  been  vaporized 
in  the  boiler  had  the  teed  water  l>een  supplied  at  tlu- 
temperature  of  212  <U'f;rees,  and  vaporized  uinler  the 
atmospheric  pressure  of  2l)"!t2  inclM-s  of  mercury.  4it77.'>-4.>71 

Pounds  of  water  vaporized  from  l(i<»°  Fahrenheit  Ity  one 
pound  of  coal,         .....  s*2t»7«» 

Pounds  of  water  vaporizi-d  from  pMi-"  Kahienheit  by  one 
p«>und  of  combustible,  ....  10-0744 

Pounds  of  water  vaporized  from  lili'^  K;d i in i licit  by  one 

pouiul  of  coal,         .....  !>"2rt71 

Pounds  of  water  vaporized  from  I'l'J"  Fahrenheit  by  one 

pound  of  comi)Ustible,         ....  ir^ol") 
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Indicated  horses-jiower  developed  ill  llie  1st  cylinder,    .  20-4308 

j  Indicated  horses-power  developed  in  the  2d  cylinder,    .  7"8290 

Indicated  horses-power  develojied  in  the  3d  cylinder,    .  39*448;^ 

Aggregate  indicated  horses-power  developetl  in  all  the 
three  cylinders,       .....  67*7081 

Net  horses-power  developed  in  the  1st  cylinder,       .  20*0628 

Net  hoi-ses-power  developed  in  the  2d  cjdinder,  .  6*3480- 

Net  horses-power  developed  in  the  3d  cylinder,        .  33*1150^ 

Aggregate  net  horses-power  developed  in  all  the  three 
cylinders,  .....  59*5208 

^   I  Total  horses-power  ileveloped  in  the  1st  cylinder,     .  28*8902 

X     Total  horses-power  developed  in  the  2d  cylinder,  .  23*2490 

o  \  Total  horses-power  developed  in  the  3d  cylinder,     .  28*0133^ 

S   I  Aggregate  total  horses-power  developed  in  all  three  cyl- 

I      inders,        ......  80*152.> 

Total  hox'ses-power  develojied  hy  the  exi)anded  steam 
alone  in  the  1st  cylinder,     ....  10*7400 

I  Total  horses-power  developed  by  the  expanded  steam 

I      alone  in  the  2d  cylinder,       .  ,.  .  .  23*2490' 

Total  horses-power  developed  l)y  the  expanded  steam 
I      alone  in  the  3d  cylinder,       ....  28*0133^ 

I  Ponnds  of  steam  present  per  liour  in  tiie  1st  cylinder  at 
the  point  of  cutting  off  the  steam,  calculated  from  the 
l)ressure  there.         .....         633*5094 

Pounds  of  steam  present  per  hour  in  the  1st  cylinder  at 
the  end  of  the  stroke  of  its  piston,  calculated  from  the 
pressure  there,         .....         609*6268^ 

Pounds  of  steam  conden.sed  per  liour  in  the  1st  cylinder 
t<)  furnish  the  heat  transmuted  into  the  total  horses- 
power  developed  in  that  cylinder  by  the  expanded 
steam  alone,  ...  .  .  .  30 -88 IT 

Sum  of  the  two  immediately  preceding  (juantities,  640*5085 

Pounds  of  steam  present  per  hour  in  the  2d  cylinder 
at  the  end  of  the  stroke  of  its  piston,  calculated  for  the 
pressure  there,         .....         808-3992: 

Pounds  of  steam  condensed  per  hour  in  the  1st  and  2d 
cylinders  to  furnish   the  heat   transmuted   into  the 
total   horses-power  developed   in  those  cylinders  by 
the  expanded  steam  alone,  .  .  .  93*9542^ 

Sum  of  the  two  immediately  preceding  (quantities,  902*3534 

Pounds  of  steam  present  per  hour  in  the  3d  cylinder  at 
the  end  of  the  stroke  of  its  piston,  calculated  for  the 
pressure  there,         .....       1150*7924 

Pounds  of  steam  condensed  per  hour  in  the  1st,  2d  and 
3d  cylinders  to  furnish  the  heat  transmuted  into  the 
total  horses-power  developed   in  those  cylinders  by 
the  expanded  steam  alone,  ....         167*0720 

Sum  of  the  two  immediately  preceding  quantities,  1317*8644 
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f  Pounds  of  coal  coiisjinit'd  p*  r  hour  ju-r  iiidiiattil  Imrse- 
powtT,         ...... 

Pouiid.s  of  i-oal  c(»iisuined  per  lioiir  \>vr  m-t  lior>»-j»o\ver, 
I  Pounds  of  coal  con.siimed  per  hour  per  total  liorse- 
power,        ...... 

Pound.s  of  coinbustible  eoiisuiiied  jier  hour  per  indi- 
cated horse-power,  .  .  .  , 

Pounds  of  eoniimstilile  eoiisunied  per  hour  per  in-t 
horHc-power,  ..... 

Pounds  of  coinbu.stible  consumed  i)er  hour  per  total 
hoFHe-power,  ..... 

■{  Pounds  of  feed  water  consumed  per  iiour  per  indicated 
horse-pitwer,  ..... 

Pounds  of  U'vil  water  eonsumed  per  hour  per  net  horse- 
])ower,         ...... 

Pounds  of  feed  water  consumed  per  hour  i>er  total  horse- 
l)Ower,        ...... 

Fahrenheit  units  of  lieat  consumed  per  liour  per  indi- 
cate<l  horse-power,  .... 

Fahrenheit  units  of  hea'  consumed  per  hour  per  net 
liorst'-power,  ..... 

Fahrenheit  units  of  heat  c«tnsumed  per  hour  per  total 
horse-power,  ..... 

f  Mean  indicated  pressure  on  the  ]>iston  of  the  M  eylin- 
der,  equivalent  to  the  sum  of  the  indicated  pressure 
on  that  piston  and  of  the  indicated  pres.«ures  on  the 
pistons  of  the  I'd  and  1st  cylinders,  reduced  res|>ect- 
ively  in  the  ratio  of  th*-  areas  of  the  pistons  of  the  lid 
and  1st  cylinders  to  that  of  the  .{d  cylinder,  and  for 
the  fact  of  the  2d  and  1st  cylinders  being  single  acting 
while  the  3d  cylinder  is  double  acting,  in  |M>unds  per 
s(juare  inch,  ..... 

Mean  toUil  pressure  which  a)>plied  to  the  piston  <»f  the 
8d  cylinder  would  pnxluce  the  total  horses-power 
ilevt'loped  by  the  engine,  provided  the  indicated  pres- 
sure on  that  piston  was  the  above  :!1 -SHI  i>ounds  |>er 
scpiare  inch,  ..... 

Per  centum  of  the  mean  total  pressure  on  the  pistons 
of  the  three  cylinders  utilized  as  indicated  pres>ur«',   . 

Mean  net  pressure  on  the  piston  of  the  M  cylintler  ^^lui- 
valent  to  the  sum  «)f  tin-  net  pressure  on  that  piston 
and  of  tlie  net  pressures  on  the  pistons  of  the  2d  aiid  1st 
cylinders  reduced  respectively  in  the  nitio  of  theareats 
of  the  i)ist<»ns  of  the  2d  and  1st  cylinders  to  that  of  the 
.Sd  cylindi-r,  and  witii  allowance  for  the  fa«'t  of  the  2d 
and  1st  cylinders  being  single  acting  while  the  Sd 
cylinder  is  double  acting,  in  pounds   per  square  inch. 

Per  centum  of  tlu-  mean  total  pressure  on  the  pist<nis  «>f 
the  three  cylinders  utilized  as  net  pressure,    . 
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Diftereiice,  in  ponn(l.s  per  liour,  l)etweeii  the  v\  oiglit  of 
water  |1465"11822  pounds)  vaporized  in  the  boiler  and 
the  weight  of  steam  accounted  for  by  the  indicator,  in 
the  1st  cylinder  at  the  point  of  cutting  ofT  the  .steam,  831-6088 
Difference,  in  jjer  centum  of  the  Aveight  of  water  vapor- 
55  ^  I  ized  in  the  boiler,  between  that  weight  and  the  weight 
^'—1  of  steam  accounted  for  by  the  indicator  in  the  1st  eyl- 
S2  '      inder  at  the  lioint  of  cutting  off  the  steam,    .  .  56*76 

^  E-  Difference,  in  pounds  per  hour,  between  the  weight  of 
o  >  I  water  vaporized  in  the  boiler  and  the  weight  of  steam 
■«J  1  accounted  for  by  the  indicator,  in  the  1st  cylinder  at 
'^  c   I      the  end  of  the  stroke  of  its  i)iston,     .  ,  .         824*6097 

2  Difference,  in  per  centum  of  the  weight  of  water  vapor- 
^  a  I  ized  in  tlie  boiler,  between  that  weight  and  the  weight 
^  :5  I  of  steam  accounted  for  by  the  indicator  in  the  1st  cyl- 
i;  P   I      iuder  at  the  end  of  the  .stroke  of  its  pi.ston,     .  .  56'22 

Difference,  in  pounds  per  hour,  between  the  weight  of 
water  vaporized  in  the  boiler  and  the  weight  of  steam 
accounted  for  by  the  indicator  in- the  2d  cylinder  at 
the  end  of  the  stroke  of  its  piston,     .  .  .')62"7048 

Difference,  in  per  centum  of  the  weight  of  water  vapor- 
ized in  the  boiler,  between  tliat  weight  and  the  weight 
of  steam  accounted  for  by  the  indicator  in  the  2d  cyl- 
inder at  the  end  of  the  stroke  of  its  piston,  .  .  38*41 
Difference,  in  pounds  j)er  hour,  l)et\veen  tbe  weight  of 
water  vajiorized  in  the  boiler  and  the  weight  of  steam 
accounted  for  by  the  indicator  in  the  3d  cylinder  at 
the  end  of  the  stroke  of  its  piston,  .  .  .  147*2538 
Difterence,  in  per  centum  of  the  weight  of  water  vapor- 
ized in  the  boiler,  between  that  weight  and  the  weight 
of  steam  accounted  for  by  the  indicator  in  the  3d  cyl- 
inder at  the  end  of  the  stroke  of  its  piston,    .               .  10*05 


I 


Remarks. 


Owing:  to  the  limited  time  the  Anthracite  could  he  placed  under  the 
•command  of  the  Board  of  Naval  Engineers  at  the  New  York  Navy 
Yard,  the  trial  of  her  machinery  was  restricted  to  one  experiment, 
:and,  consequently,  to  one  set  of  conditions;  but  the  soundness  of  the 
system  can  he  judged  only  from  a  number  of  experiments  made  under 
widely  varying  conditions,  and  it  ^vas  the  intention  of  Chief  Engineer 
Loring,  had  the  vessel  been  long  enough  at  the  Navy  Yard,  to  have 
made  a  series  of  experiments  on  her  machinery,  with  varying  boiler 
pressures  and  measures  of  expansion.  He  intended  to  have  com- 
jnenced  with  boiler  steam  of  75  pounds  per  square  inch  pressure  above 
-the  atmosphere,  and,  keeping  the  same  measure  of  expansion,  to  have 
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made  a  .series  of  ex{)erinients  with  the  Ijoiler  pressure  increitsing  -') 
jHjiinds  per  .square  inch  e:ich  time;  after  which,  keeping  tlie  .same 
boiler  pr(j.ssiire,  he  would  have  varied  the  measure  of  expansion  Jts  much 
as  possible,  the  object  being  to  ascertain  whether  as  good  economic 
results  could  not  be  obtained  with  tlie  lower  b(»iler  ])re.ssures  and  less 
measures  of  expansion  as  with  the  higher  l^nler  pressures  and  greater 
measures  of  expansion,  the  pnu'tiwUly  important  problem  l>eing  to- 
a.scertain  the  limit,  in  both  ca'^es,  at  which  incretise  of  e<'onomy  ceased. 

Comparing  the  economic  results  obtained  during  tlie  single  experi- 
ment made,  with  those  given  by  ordinary  compound  engines,  it  is 
evident  that  the  latter,  with  one-fourth  the  boiler  pressure  and  one- 
fourth  the  measure  of  expansion  u.sed  with  the  machinery  of  the 
Anthracite,  pnxluce  the  power  as  economitally.  1^  the  trials  are  to- 
cease  here,  the  inference  follows  that  the  enormous  excess  of  l)oiler 
pressure  and  measure  of  expansion  employed  with  the  machinery  of 
the  AiUhracite  have  failed  to  })ractically  realize  the  economy  theoreti- 
cally predicable,  leaving  the  grave  inconveniences  of  such  excess  of 
pressure  and  expansion  unbalanced  by  any  advantage.  ^^  ith  this 
result  apparent,  it  becomes  necessary  to  closely  examine  the  conditions 
under  which  the  experiment  with  the  Anthracite  was  made. 

The  boiler  pressure  does  not  always  represent  the  initial  pressure  on 
the  piston,  and  still  less  does  it  represent  the  mean  total  })re.ssure  on 
the  piston  during  the  stroke;  yet  it  is  the  latter  on  which  the  gain  by 
the  use  of  high  pressure  must  be  predicated.  Notwithstanding  the 
effect  of  any  superheating  which  it  may  be  practicable  to  give  in  the 
boiler,  the  steam  in  the  cylinder  is  always  found  to  be  in  the  .saturated 
state,  that  is  to  .siiy,  it  has  always  the  maximum  density  for  its  pres- 
sure, so  that  it  is  u.seless  to  generate  steam  at  high  ijoiler  pressures  with 
the  expectation  of  realizing  the  economy  of  producing  a  given  bulk: 
of  such  pressure  over  an  equivalent  bulk  of  lower  Ijoiler  pressure,  if 
the  former  be  used  in  the  cylinder  with  the  same  meiin  total  pressure 
on  the  piston  as  the  latter.  To  make  the  mean  total  pressure  on  the 
pi.ston  ecpiai  in  the  two  cases,  the  liigh  boiler  pressure  mast  l>e  u.sed  with 
a  greater  measure  of  expansion  than  the  low  boiler  pressure,  ami  the 
gain  due  to  these  ditierent  meiisures  of  expansion  may  i)c  something 
or  nothing,  according  to  the  conditions,  but  be  it  what  it  rnay,  it  is 
entirely  distinct  from  the  gain  due  to  the  use  of  steam  of  the  high 
pressure,  per  se,  so  that  if  the  high  pressure  boiler  steam  Ix'  corres- 
j)ondingly  expandetl  in  the  cylinder  to  proiluce  the  same   meiin  total. 
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pressure  in  its  })iston  as  in  the  case  of  tlie  low  pressure  boiler  steam, 
the  only  gain  due  to  the  former  will  be  what  results  from  the  higher 
measure  of  expansion  with  which  it  is  used,  and  not  from  the  higher 
boiler  pressure.  This  important  fact  has  been  overlooked,  and  a  gain 
under  these  conditions  expected  from  the  high  pressure  steam  corres- 
})onding  not  only  to  its  use  with  a  higher  measure  of  expansion,  but  also 
to  its  generation  under  a  higher  boiler  pressure.  The  two  cannot  be 
had  together.  To  ascertain  w-hat  gain  can  practically  be  obtained  from 
steam  of  higher  boiler  pressure,  in  function  of  pressure  alone,  the 
experiment  must  be  made  using  it  with  the  same  measure  of  expan- 
sion as  in  the  case  of  the  steam  of  lower  boiler  pressure  against  which 
it  may  be  tried.  This  was  one  of  the  determinations  that  Chief- 
Engineer  Loring  would  have  made  could  he  have  obtained  the  Anthra- 
cite  for  a  sufficient  length  of  time. 

Now,  during  the  single  experiment  with  the  Anthradte^s  machinery, 
the  measure  of  expansion  employed  was  so  great  (25'7098  times)  that 
notwithstanding  the  high  initial  ])ressure  on  the  piston  of  the  first 
•cylinder  (201  "64  i)ounds  per  square  inch  above  zero),  the  mean  total 
pressure  above  zero,  referretl  to  the  })iston  of  the  third  cylinder,  was 
•only  25*591  pounds  per  square  inch  above  zero,  so  that  in  this  case 
the  Anthracite's  engine  had  no  advantage  over  the  ordinary  compound 
•engine  in  function  of  higher  mean  total  ])ressure  on  the  piston. 

It  is  quite  probable,  also,  that  the  measures  of  expansion  employed 
with  ordinary  compound  engines  even  Avhen  using  suj>erheated  steam, 
say  from  six  to  ten  times,  give  as  high  an  economy  as  can  be  obtained 
from  greater  measures,  owing  to  the  enormous  cylinder  refrigeration 
which  attends  the  use  of  steam  expansively,  and  which  is  jiro  rata  to  the 
total  power  developed  by  the  expanded  steam  alone.  If  such  be  the  fact, 
and  all  experiments  thus  far  show  it,  then  there  is  no  reason  to  expect 
any  higher  economic  results  from  the  Anthracite's  machinery  for  the 
conditions  under  which  it  was  tried  at  the  navy  yard  than  were  actu- 
ally obtained.  They  Avere  equal  to  those  of  an  ordinary  compound 
engine,  and  nothing  more. 

But  it  is  quite  possible  that  other  conditions  would  have  given  a 
higher  economy  for  the  Anthracite's  engine.  Had,  for  instance,  the 
same  initial  pressure  on  the  piston  of  the  first  cylinder  been  maintained 
with  the  steam  expanded,  say  six  or  ten  times  only,  then,  supposing 
nothing  of  economy  to  be  lost  by  the  decreased  measure  of  expansion, 
there  would  have  been  the  gain  due  to  the  resulting  higher  mean  total 
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pressure  on  the  pi^^toji  in  i'nnftion  of  pre?>.snre  onlv,  and  to  the  taet 
that  tlie  same  final  hack  pre.s.-ure  would  have  heen  a  less  per  centum 
of  the  niciin  totiil  pressure  above  zero  ;  in  other  words,  more  of  the 
mean  total  pressure  on  the  piston  would  have  heen  utilized  as  indicated, 
or  as  net  pressure.  Probably,  however,  the  boiler  could  not  supj)ly 
the  engine  with  tlie  increased  fpiantity  of  stejim,  in  equal  times,  that 
these  conditions  would  require,  and,  if  it  could,  the  rate  of  combustion 
of  the  coal  would  have  to  be  largely  increased,  which  would  have  been 
attended  by  a  decreased  economic  vaporization,  so  that  although  an 
economic  gain  might  have  been  obtained  according  to  the  water  meas- 
ure, or  weight  of  steam  consumed,  yet  a  loss  miglit  have  been  exj)eri- 
enced  according  to  the  coal  measure.  It  is  so  ira|K)ssible  to  change  one 
condition  in  engineering  without  changing  all  or  manv,  that  it  is 
unsafe  to  infer  what  would  follow  from  a  given  change  in  one  dire<'tion. 
Only  the  actual  trial  or  appeal  to  Nature  can  be  relied  on  each  time. 

It  is  true  that  any  better  results  obtained  with  the  water  measure 
could  be  obtained  with  the  coal  measure  also,  by  reducing  the  dimen- 
sions of  the  cylinders  so  as  to  develop  the  same  power  in  each  ca.se  with 
the  same  initial  pressure  on  the  piston.  This,  however,  requires  a  new 
engine,  and  could  not  be  realized  with  the  machinery  of  the  Anthracite. 

Nor  must  the  fact  be  omitted  that  with  each  increase  in  the  initial 
pressure  on  the  piston,  the  back  pressure  against  it  remaining  constant, 
there  results  increase  of  cylinder  condensation  due  to  the  increase  in 
the  dilterence  between  the  temperature  of  the  initial  pressure  and  that 
of  the  back  pressure.  Each  theoretical  gain  is  attended  with  its 
inseparable  practical  loss,  so  that  only  a  very  small  margin  of  differ- 
ence seems  possible  in  any  case,  and  herein  lies  the  true  explanation  of 
the  failure,  total  or  partial,  of  the  many  promising  scheme.-?  and  ingeni- 
ous mechanisms  for  cheapening  the  cost  of  steam  |X)wer  in  fuel. 

In  comparing  the  economic  efficiency  of  steam  of  exceptionallv  hifh 
pressure  and  measure  of  expansion  against  that  of  steam  of  compara- 
tively low  pressure  and  measure  of  expansion,  care  must  l^e  taken  that 
tlie  degree  of  superheating  be  the  same  in  both  cases.  Now,  a  con- 
siderable degree  of  superheating  will  increase  the  economv  of  anv 
steam  from  15  to  30  per  centum  according  as  the  engine  using  it  is  a 
large  or  a  small  one,  and  superheating  is  as  practicable  with  steam  of 
one  pressure  as  another.  AVhen  a  high  degree  of  superheating  is 
employeil  with  high  pressures  and  me;isures  of  expansion,  discrimina- 
tion must  be  made  between  what  is  due  to  it  and  what  is  due  to  tJiera. 
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The  great  economic  gain  certain  to  follow  the  nse  of  a  high  degree 
of  superheating  is  a  great  temptation  to  employ  it,  especially  for  trials 
too  short  to  develop  its  injurious  effects  on  the  metal  of  the  cylinder 
and  valves,  and  on  the  superheating  apparatus  itself.  A  prolonged 
use  of  any  high  degree  of  superheating  has  always  been  followed  by 
such  decrease  in  the  durability  and  reliability  of  the  machinery  that,, 
often  as  it  has  been  attempted  just  so  often  has  it  been  al)andoned,. 
consequently,  notwithstanding  the  great  economy  given  by  it,  it  is  in- 
practical  use  nowhere.  A  very  moderate  degree  of  superheating  is  all. 
that  can  be  permanently  maintiiined. 

In  the  boiler  of  the  Anthracite,  extensive  provision  was  made  for 
highly  superheating  the  steam,  tlie  superheating  surface  being  twenty 
times  the  area  of  the  grate  surface  and  equal  to  the  water  heating  sur- 
face, an  excessive  proportion,  as  compared  with  the  five  to  eight  times 
of  the  grate  surface,  which  is  usually  given  with  large  superheaters.. 
The  temperature  of  the  gases  of  combustion  in  the  chimney  during^ 
the  navy  yard  experiment  averaged  700  degrees  Fahrenheit,  as 
obtained  from  the  melting  points  of  different  metals  suspended  in  the- 
chimney ;  yet,  notwith.standing  the  great  extent  of  superheating  sur- 
face and  the  high  temperature  of  the  ga.ses  of  combustion  u[)()n  it,  the 
steam  during  the  navy  yard  experiment  did  not  appear  to  be  much 
superheated.  This  can  only  be  accounted  for  on  the  supposition  that 
the  steam  was  very  wet  when  it  went  upon  the  superheating  surface, 
owing  to  the  priming  or  foaming  of  the  boiler.  It  is  greatly  to  be 
regretted  that  the  temperatures  of  the  .steam  on  leaving  the  boiler  and 
on  enterino;  the  valve  chest  of  the  first  cvlinder  were  not  taken  during 
the  navy  yard  experiment.  This  is  the  only  important  omission  in  the 
data ;  these  temperatures  would  have  shown  the  degree  of  superheat- 
ing with  certainty,  whereas  it  can  now  only  be  inferred.  The  proper 
thermometers  for  the  purpose  Avere  provided,  but  they  were  not 
inserted  in  position  owing  to  the  want  of  time  to  make  the  extensive 
connections  required. 

During  the  navy  yard  experiment  the  boiler  was  worked  with  the 
very  moderate  rate  of  combustion  of  about  12  pounds  of  coal  per  hour 
per  square  foot  of  grate  surface,  which  was  doubtless  above  its  econo- 
mic limit.  All  boilers  of  this  description,  that  is,  composed  of  small 
tubes  in  direct  contact  with  the  fire  and  connected  continuously,  the 
boiler  not  having  a  proper  area  of  water  surface  for  the  disengagement 
of  the  steam,  nor  a  proper  capacity,  and,  more  especially,  proper  height 
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of  steam  room  for  the  .separation  by  gravity  of  the  carried  up  wattr 
from  the  steam,  prime  or  foam  violently  when  worked  above  a  l<>w 
rate  of  combu.stion.  This  re.^^nlt  i.s  inevitable,  and  such  boilers  are 
only  fit  for  low  rates  of  combustion,  and  even  then  re<|uire  large  pro- 
portions of  water  heating  and  steam  su|)orheating  surfaces  to  give  good 
ccononiic  va])orizations.  As  the  rate  <»f  coinbusti«»n  is  in<rcased,  so  is 
the  priming  or  foaming,  and  although  the  economic  vaporiz;ition  may  up 
to  a  certain  point  be  maintaine<l  by  the  conversion  of  tiie  steam  suik-M- 
heating  into  water  heating  surface  by  the  priming,  yet  the  superheat- 
ing: effect  is  therein-  lost.  If  the  rate  of  combusti(m  be  increit^eil  to 
15,  20  or  25  pcMuids  of  coal  yter  hour  |)er  sfjuare  foot  of  grate  surface 
the  watei  will  bi-  driven  by  the  heat  entirely  out  of  the  lower  tubes^ 
and  they  will  be  (piickly  destroyed.  A  very  great  deal  of  this  type 
of  boiler  is  requiretl  in  proportion  to  the  j>ower  develo{»ed.  It  is 
neither  durable  nor  reliable,  particularlv  in  ignorant  or  careless  hands. 

A  proper  test  of  this  boiler  re^piires  it  to  l)c  workeil  during  a  nuxle- 
rate  time  at  the  usual  nite  of  combustion  for  steamers,  siiy  20  }M>unds 
of  coal  per  hour  per  srpiare  foot  of  grate  surface.  Its  dural)ility,  its 
economic  vaporization  and  its  .steam  superheating  would  then  l>ecome 
manifest;  but  ex})eriments  at  rates  of  combustion  considerably  Ulow 
what  is  nece.'^.sary  in  practice  oidy  mislead. 

The  Anthracite  has  made  two  voyages  across  tiie  Atlantic  l^etweeii 
Liverpool  and  New  York,  siiy  G500  geographical  miles,  and  this  was 
intended  as  a  test  and  proof  of  the  durability  and  reliability  of  her 
machinery.  Jjiit  the  voyages  were  made  at  an  exceetlingly  low  rate 
of  combustion,  only  about  two  indicatetl  horses-iM)wer  being  develo|)etl 
for  each  square  foot  of  grate  surface,  which  evidently  does  n<it  meet 
the  objections,  and  leaves  the  problem  just  where  it  wa<.  The  fact 
at  issue  is:  can  the  ve.s.-^el  without  injury  to  her  machinery  make  two 
con.socutive  voyages  across  the  Atlantic  at  the  rate  of  cond)ustion 
employal  by  the  occiui  stcixmships  running  on  the  .^iune  track?  The 
chimney  of  the  Anthracite  was  so  short  that  12  |X)unds  of  semi-bitu- 
minous coal  per  hour  per  square  foot  of  gnite  surface  wa^^  as  high  a 
rate  of  combustion  as  could  l>e  j>ermanently  maintaine<l.  Ha<l  the 
vessel  remainevl  sufficiently  long  at  the  New  York  na\  y  yanl  for 
exhau.stive  experimenting,  her  chiMiiuy  w<»uld  have  been  temjxirarily 
lengthened  to  about  55  feet  above  the  grate,  and  all  the  i^oal  burne«l 
that  the  draught  woidd  consume. 

The  great  tendency  of  the  boiler  of  the  Anthracite  to  foam  is  evi- 
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deneed  by  the  fact  that  while  the  area  of  the  steam  port  of  the  first 
cylinder  is  yV^^^  '^^  ^'^^  ^^'^^  ^^'  ^^^^  jjiston,  it  was  deemed  prudent  to 
make  the  cross  area  of  the  steam  pipe  less  than  -^th  of  the  area  of  the 
piston,  thus  providing  for  a  great  and  permanent  throttling  of  the 
steam  beyond  the  control  of  the  persons  operating  the  engine.  The 
extent  of  tliis  throttling  was  such  that  whereas  the  boiler  pressure 
during  the  experiment  was  331 '23  pounds  per  square  inch  above  zero, 
the  initial  pressure  on  the  piston  of  the  first  cylinder  was  201'64  pounds, 
the  throttle  valve  being  wide  oj)en,  the  difference  was  129"59  pounds. 

That  the  steam  had  but  little  superheating  when  entering  the  first 
cylinder,  probably  not  exceeding  50  degrees  Fahrenheit,  the  most  of 
which  (35  degrees)  was  due  to  the  throttling,  appeared  from  all  the  indi- 
cations. The  packings  of  the  valve  stems  and  of  the  piston  rods  were 
unaffected  ;  tl>e  steam  when  blown  into  the  air  did  not  look  as  though 
it  was  nuich  superheated,  and  the  condensation  of  steam  in  the  first 
cylinder  was  enormous,  exclusive  of  what  w-as  due  to  the  development 
of  the  power.  This  condensation  at  the  point  of  cutting  off  the 
steam  in  the  first  cylinder  was  56*7()  per  centum  of  the  entire  weight 
generated  in  the  boiler,  and  was  maintained  to  the  end  of  the  stroke 
of  the  piston  of  that  cylinder.  In  the  second  cylinder,  owing  to  re- 
evaporation,  this  condensation  fell  at  the  end  of  the  stroke  of  its 
piston  to  38'41  per  centum  of  tiie  entire  weight  generated  in  the 
boiler,  while  at  the  end  of  the  stroke  of  the  piston  of  the  third  cylinder 
it  fell  further  to  lO'OS  per  centum  by  the  continuance  of  the  same  cause. 

This  enormous  cylinder  refrigeration  was  due  to  the  enormous  meas- 
ure of  expansion  (nearly  twenty-six  times)  with  which  the  steam  was 
used,  to  the  great  difference  between  the  temperature  of  the  initial 
steam  in  the  first  cylinder  and  that  of  the  back  pressure  steam  in  the 
third  cylinder,  and  to  the  small  dimensions  of  the  cylinders  whereby 
their  inner  surfaces,  including  the  extensive  surfaces  of  their  dispro- 
portionately large  steam  passages,  became  very  great  relatively  to  the 
weight  of  steam  contained.  To  counteract  these  cooling  causes  would 
require  the  steam  to  be  very  highly  superheated,  and  provision  for 
obtaining  that  effect  was  made  by  giving  the  boiler  an  enormous  extent 
of  superheating  surface,  but  the  necessary  superlieating  was  not 
obtained  with  the  water  carried  at  the  experimental  level,  due  doubt- 
less to  the  priming  or  foaming  of  the  boiler,  notwithstanding  the  great 
throttling  with  which  the  steam  was  used. 

A  sensible  proof  of  the  enormous  cylinder  condensation  in  the  case 
of  the  experiment  on  the  Anthracite  at  the  New  York  navy  yard  was 
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furnished  whenever  a  set  of  indicator  diagrams  was  taken.  On  open- 
ing tlie  cock  in  the  indicator  j)ij)e  of  the  first  cylinder  a  steady  flow 
of  water  streamed  from  it,  of  tlie  fnll  area  of  the  cock  o|)ening,  and 
with  considerable  velocity,  and  continued  unal)ated  a.s  long  :ls  tlie  cock 
remained  o])en,  making  the  taking  of  diagrams  very  trouijlesome. 
When  the  cock  in  tiie  indicator  pipe  of  the  second  cylinder  was  opened, 
the  same  flow  of  water  took  pla(.-e,  and  continued  as  long  as  the  cock 
remained  oj>en,  but  the  issuing  quantity  of  water  was  nuirji  less  and 
it  flowed  with  much  less  velocity,  the  pressure  Ijeing  greatly  less  than  in 
the  first  cylinder.  When  tlie  cocks  in  the  indiciitor  pipes  of  the  third 
cylinder  were  opened,  no  water  came  forth  at  any  part  of  the  stroke 
of  the  piston. 

The  engine  during  its  working  gave  no  indication  of  the  (.'uormous 
quantities  of  water  of  condensation  passing  through  the  cylinders ; 
there  wa-s  no  slapping  noise  or  noticeable  jar,  the  entire  mass  of  steam 
condensed  during  the  steam  stroke  of  the  ])istons  being  re-evaporated 
during  the  latter  part  of  that  stroke  and  the  whole  of  tlie  exhaust 
stroke  under  the  lessening  pressures  by  the  heat  containetl  in  the  water  of 
condensation  and  in  the  metal  of  the  cylinders  on  which  this  water  rested. 

The  theoretical  gain  due  to  very  high  steam  pressure  worked  in  a 
cylinder  with  a  low  and  constant  back  pressure,  and  to  using  it  verv 
expansively,  is  practically  lost  in  greater  refrigeration  which  inseparablv 
attends  both  to  a  greater  degree  tiian  with  steam  of  lower  pressure 
worked  less  expansively,  and  although  the  resulting  condensation 
may  be  in  a  great  measure  prevented  by  previous  superheating,  vet 
if  the  same  quantity  of  superheating  be  given  to  tlie  lower  j>ressure 
and  less  expanded  steam,  the  latter  would  be  proportional Iv  benefit- 
ted, and  the  relative  economy  of  the  two  perhaps  not   much  changed. 

It  is  of  the  greatest  importance  to  mankind  that  there  shall  be  discov- 
ered the  pressure  of  steam,  the  measure  of  expansion,  and  the  degree  of 
superheating  which  will  produce  the  highest  economic  results  from 
the  fuel,  without  prejudice  to  the  durability  and  reliabilitv  of  the 
machinery,  and  without  requiring  excepti(>nal  care  and  skill  in  its 
management.  The  attempt  made  to  solve  this  problem  bv  the  eon- 
struction  of  the  machinery  of  the  Antlwdcite  is  in  the  right  direetion, 
and  most  praiseworthy;  and  it  will  be  a  subject  of  hist inu;  regret 
should  a  series  of  exhaustive  ex|»eriments  be  not  made  with  it.  The 
mechanism  is  at  hand,  and  all  that  is  needed  are  the  services  of 
skilled  and  sagacious  experimenters  animateil  by  the  love  of  truth  alone. 

(To  be  continuetl.) 
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Ox  THE   REVOLUTION   of   a   FLUID    ELLIPSOID    with 
THREE  UNEQUAL  AXES. 


Bv  Dr.  Thomas  Craig,  L'^.  S.  Coast  and  Geodetic  Survey. 


In  1 834  Jacobi  demonstrated  the  curious  fact  that  tlie  ellipsoid  of 
three  unequal  axes  is  a  possible  form  of  equilibrium  for  a  rotating 
ma.ss  of  homogeneous  fluid,  provided  the  shortest  axis  of  the  ellipsoid 
be  taken  as  the  axis  of  rotation.  The  substance  of  Jacobi's  investiga- 
tion is  given  in  the  next  two  pages  before  proceeding  to  the  particular 
form  of  the  problem  which  it  is  desired  to  investigate. 

If  a,  b,  c  denote  the  semi-axes  of  an  ellipsoid  we  have  for  the  equa- 
tion of  the  surface 

-^  +  -^  +  -7  =  1  (1> 

a,  b,  c  are  taken  in  order  of  magnitude.  If  the  fluid  mass  is  rotiiting 
around  the  axis  of  z  with  angular  velocity  ^,  we  have  for  the  equation 
of  a  level  surface 

(2  +  1  (.^^  +  /)  =  C  (2> 

where  i2  is  the  potential  of  the  whole  mass  at  an  internal  point  and  O 
is  a  constant  for  each  level  surface,  but  varies  in  passing  from  one  to^ 
another.     Write 

^  =  V{(r  +  t)  {b^-  t)  {e  +  0 ; 

then  for  the  potential  of  an  ellipsoid  whose  semi-axes  are  «,  6,  c  at  an; 
internal  point  x',  y',  z',  we  have 

0  ;      r^di  f    •'»"  2/"  2"  1  /Q\ 

0^-.«^.cJ_|  +_|^+  l|  (.3) 

0  ^ 

Substituting  this  in  the  equation  of  a  level  surface  (2)  and  we  have  on 
dividing  through  by  | J/,  where  M  is  the  mass  of  the  ellipsoid, 

GO  GO 

2C'  r      dt  2c'  r      dt 


\3I         J    Bio' -hi)      ^   S3f         J    1 


^D{a'-hif    ^    3Jf         J  ^D{b'-^t)    y- 


/ 


(4) 


dl  1 
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This  equation  must  hold  at  the  external  surface  of  tlie  ellipsoid 
which  is  given  by  (1)  and,  therefore,  by  comparison  of  these  two  equa- 
tions we  have 

2f  r       dt  h 

2:^        ?    dt  h 


-/ 

0 


dt      _  1^ 

i){c'-{- 1)  "=  7" 


•Subtract  the  second  of  these  equations  from  the  first  and  we  liave 

■eliminating  k  by  the  third  ecpiation  gives 

(a'—b-)  dt  r       c-dt      \ 

This  is  satisfied  by  a  =b,  which  is  the  case  of  an  ellipsoid  of  revolu- 
tion round  c ;  it  is  also  satisfied  by  equating  to  zero  the  quantity  in 
brackets 


(//  =  0  (8) 

0  D\ 

There  can  be  no  negative  elements  in  this,  unless 

a  b 

Imagine  a  right-angled  triangle  witli  sides  a,  h.     The  perpendicular 
from  the  riglit  angle  to  the  hyj>othenuse  is 

ab 


1    a-  +  b"^' 
From  this  it  appears  that  c  must  be  less  than  either  a  or  b  if  the  in- 
tegral (8)  is  to  vanish.     If,  however,  c  be  very  small,  the  integral  will 
become  negative.     Therefore,  there  is  some  value  of  c  which  will  sat- 
isfy the  equation.*     In  looking  over  Clark's  Geodesy  and  several 

*  Clark's  Geodesy,  pages  76  and  77. 
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papers  by  Liouville,  Jacobi  and  others,  I  find  no  mention  made  of  an}'- 
soliitiou  of  the  problem  of  determining  a  possible  form  of  equilibrium 
of  the  homogeneous  fluid  mass  when  the  fluid  no  longer  rotates  round 
one  axis  but  when  there  is  rotation  round  three  axes  at  right  angles 
to  each  other.  In  what  follows  it  is  shown  that  the  ellipsoid  is  a 
form  of  equilibrium  of  a  fluid  mass  rotating  in  this  manner.  Equa- 
tion (1)  gives  the  ellipsoid  whose  semi-axes  are  a,  b,  c.  If  X,  Y,  Z 
are  the  components  of  the  forces  acting  at  the  point  x,  y,  z  of  the  fluid 
mass  we  have 

^  =  Xdx  +  Ydy  +  Zdz  (9> 

P 
and  for  the  free  surface  of  course 

Xdx  4-  Ydy  +  Zdz  =  0.  (10) 

Let  ?,  Tj,  Z  denote  the  components  of  angular  velocity  round  the 
axes  X,  y,  z  respectively ;  also,  let  ii  denote  the  potential  of  the  mass> 
at  an  internal  point  thus, 

00 

/dt  (     x^  y  z^  ■) 

or  say, 

!J  =  const.  —  Ttabc  (Ax^  +  Bf  +  Cz")  (12> 

where 


A 


=/ 


dt 


^  Dia'+ty 


/at 


"We  have  now 


0 
d.Q 


dt 


X=l'^  +  x{f+C^) 
ax 

Y=  4^  +  y  (:==+e^),  (14^ 

dy 

dz 
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Substituting  these  in  (9)  w<'  have  lor  every  surface  of  e<|ual  ] treasure 
and  density 

Intro(hicing  the  vahie  <»!'  iJ  and  dividing  tlirough  by  ,*  J/ where  M 
is  tiie  mass  of  the  ellipsoid  this  becomes 

\  ~~3l7'"  -  ^^  /•'■'+  I  ""Sir"  -  ^  I  •'^  -^ 


I       33f       ~  ^    J  " 


1») 


Comparing  this  with  (1)  we  have 


33/       ~  '^  —  rr 

'2(r  +  c^)         -^_/^-  '17) 

33/      —  ^—  h^ 

33/  ~    r=- 

Subtracting  the  second  of  the^e  from  the  Hrst  we  have 

ac 

-livli'  c         f^f  ("'  —  ^') 

-3-3/  ^  -  -)  +  "'^\)  ^^     D(a-'+/)(Z>^  +  0    =  ^-  ^'^^  -«'^     ^^^» 

Elimiruiting  /.•  by  niean>  of  the  third  equation  and  reducing 

2(«^'  -  bW  +  //)         2^(f-'-r/)  ., 

QlT +   _i- +   {(r-b-) 

•^^^  33/ 

(llh 


.Making  ^  :=:  jj  =  (»  we  have  <'<|uation  (>^i  which  corrc.-p<>iid»  to  the 
cjuse  of  rotation  round  one  axis.  Expiation  (19)  d<X's  not  i»ring  into 
evidence  the  angular  velocity  '  ami  in  coiise(|uence  is  not  a  torni  that 
can  be  advantageously  em|)loyeil;  but  diviiling  the  tiist  and  s«A'ond  of 
equations  (17)  by  the  third  w«'  obtain  two  relations  which  are  inde- 
})endent  of"  /•,  and  which  contain  all  thre<?  of  the  (piantities  ^.r^.  ': 
these  are 
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2(^'  +  -'h  —  3i/0    —   h' 


(20) 


Clear  these  of  fractions,  add  and  subtract  ?^  +  C^  on  the  right  side  of 
the  first  and  z^  +  C'  on  tlie  right  hand  side  of  the  second  equation ; 


(21; 


or. 


^>^  —  c  o  —  c  o-  —  c- 

Introducing  now  the  values  of  A,  B,  C,  these  become 


(22) 


fl// 


00  ., 

?-^? ^-^  ^  p ^1—  (C^  —  f) 


(23) 


fjf/ 


^    C?<  ^7        ,  ■.  C" 

=    ^-    -4-    )0-  /^2  -2\ 

i)(a-^+0  (c'-^^)  -    ^  '  «2_g2U        ^j 

Making  ^  ^  ;j  ^  0  in  these  equations  and  eliminating  /^  we  are  again 
conducted  to  equation  (8).  Since  t  lies  between  0  and  -\~  cc  and  it  is 
understood  that  D  denotes  the  positive  root  of 


it  is  clear  that  there  can  be  no  negative  elements  in  either  of  these 
integrals,  and  they  are,  therefore,  in  all  cases  positive  quantities.  The 
quantities  on  the  right  hand  side  of  equations  (23)  must  therefore  be 
essentially  positive,  As  the  semi-axes  a,  b,  c  are  taken  in  order  of 
magnitude  the  fractions 


b^  —  c-         cr  —  c 
are  positive  and  consequently  in  order  that  the  right  hand  members  of 
(23)  shall  be  positive  it  is  necessary  either  that 

^  >   ^  (24) 
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or  tljat, 


C^  +  f^  >  «•-•  iX'  —  y) 

:'  +  v>  :^'  (r  —  ^) 

wliere  for  brevity  d\  ^i-  arc-  \vi-itt«*ii  in  j)lace  of 

(•-  ,  (? 

and 


(25) 


Write  also 

idt 


^  —  ^'-'^J        D{b'^t){(?-^t)' 


B  = 


=  p// 


<(ft 


m 


^_     7>(.r-0(-+0 


Before  goini;:;  furtlier,  we  will  tran.sforni  tlie.se  intejjrals  in  such  a 
way  that  A  and  B  f^hall  be  given  in  terms  of  certain  t-lliptio  functions. 
Let  /;  and  k'  denote  two  ooniplcnientarv  jnodnii;  then  writing 

a'-  —  c"  ^^   ' 

we  have  also 

6-—  t- 
/;'=  ~ 7  (28) 

denote  by  x  the  ani])]itndc  of  an  elliptic  integral 

r   dX 

^=J{jt;x) 

also  write 


t  =  c- 


a- —  r 

—  ar 


We  have  now 


/.r  =  0    for  (  =  x>\ 
\.r  =  X   for  t  =  0  ) 


2^-t     1 

cr  -\-  t  =  {({■  —  C-) 


b'  -\-  t  = 


{b-—(r)3r  -\-'{a^—c=) 

'         ^ (30) 

«■  —  c- 


x^ 


2(a-  — r) 
d(  =  -  -^^ — ., '-  dx 
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Substitution  of  these  in  the  expressions  for  A  and  B  gives 

CO  00 

ar  dx  r  x^  dx 


r  X-  dx  r 

=  ^J   -; 3 1  -  HJ 


0  H+^-'x'y^x^+lf  ^  0  (l  +  /;'-.'rr^)V+l)2      (31> 

00  ^^  00 

X-  dx  r  x^  dx 


^  r  X-  dx  n 


where 

2 


(a2  _  c=^)2  > 


2"    («•=  —  C") 

Transforming  again  by  means  of  the  relation 

X  =  tan.  X 
we  have 


^     sin.^XdA^ 


A  =  G  f  (^—  - 1)  -^-  -  H  r  _^ 

J  „  Vj-(Z.vY)  /  L-J{k,X,}  J     COS.- J 


B=:  G 


It  11 

-^sin.'XdX    _  jj  C^       sin.2  XcZ  A^ 

0       ^  0 


X  J^k,X) 

(33) 


J  (^,  AO  J  ^  cos.^X  J  (^,  A") 

and  finally, 


7C 


,         n   n/    1  \  r'     en'd      su~d    .. 

7t  JT 

^=  ^J    six:-Q  dd         —  Hj 


(34> 


sn-o 

ev?  d.    — T~a. 
eu  0 

0  0 

Still  further  transformation  would  enable  us  to  obtain  values  for  A 
and  B  depending  upon  the  0-function,  but  it  is  not  worth  while  to 
continue  the  process  any  further. 

Resume  now  equations  (23) ;  these  we  see  may  be  written  in  the  form 

-  1^'  $'  +  r  +  [(1  +  /5^)  C^  -  ^]  =  0  (35) 

Solving  for  f-  and  r^^  gives  us 
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(1  +  2  «-  -  g-  ,9-)  r-  —  .1  -  «-'  i^) 
^-  =  a'  ;i^  —  1  (36) 

.,  _  (1  -^-2,y^-:  «%y)f -J?^  ,y  ^) 

■''/'  —  rr  ,?-  —  1 

The  coefticienl.s  of  T"'  in  each  nt'  the.se  equations  is  ahvays  i)<jt?itive^ 
and  the  second  terms  of  the  numerators  are  always  positive,  l)Ut  tiie 
entire  numerator  in  each  case,  a.s  also  the  common  denominator,  uiay 
be  either  positive  or  neg-ative.  If  given  values  of  a  and  fi  make 
a-  fi^  <  1  the  denominator  will  be  negative,  and  it  will  then  Ix-  neces- 
sary to  choose  for  ^  a  value  which  will  make  the  numerator  of  each  ot 
these  fractions  also  negative.  If  a-  fi'-  ^  1  the  common  denominator 
of  the  fractions  is  positive,  and  '  must  l>e  so  chosen  that  the  numera- 
tors shall  also  be  positive.  Each  of  these  determinations  of  '  give 
positive  values  for  f-  and  y-.  It  is  clear  now  that  the  quantities  «,  ';iy 
;;  cannot  be  chosen  arbitrarily,  but  that  if  the  first  two  of  these  are 
given  the  third  must  be  determined  so  a.s  to  satisfy  the  conditions  of 
making  f-  and  rf  positive.     It  may  be  noticed  here  that  if 

equations  (36)  give  positive  va'ues  of  f-  and  //'  by  assuming  '  =  *N 
or,  the  ellipsoid  of  three  unequal  axes  is  a  possible  figure  of  etiuilibriuin 
in  the  case  when  the  fluid  rotates  about  the  two  principal  ax«^^,  i>rn- 
vided 

or,  by  simple  reductions 

a*  +  6-  —  —  -   <  0 
r 

We  can  make  either  c  or  r^  equal  zero,  and  etpiilibrium  will  l>e  jx^s- 
sible  by  properly  determining  a  and  ,9. 

Take  now  the  case  when  «-  /?- — 1<0,  and  determine  the  values  of 
^-  (other  thaii  zero),  which  will  make  f-  and  y  positive.  Write  the 
first  of  equations  (36)  in  the  form 

As  tlie  denominator  in  this  is  negative  the  numerator  must  also  l^e 
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negative,  and,  therefore,  for  the  determination  of  p  positive ;  when 
«2/92— 1<0  weliave 

^2    ^       A^o?B 


Similarly,  for  -/f  positive  we  nmst  have 

l  +  2/92+«2|52 
For  both'  ^^  and  ;y^  positive  we  have  to  determine  C  iw  such  a  way 
that  both  of  these  inequalities  shall  be  satisfied.     Now  assume 

a?  /92  —  1  <  0 

The  numerators  in  equations  (36)  must  now  be  positive,  and  we  must 
have 

2  A-^o}B_  ^^^.  p  positive, 

r-    < in for  rf^  positive. 

^  l  +  2/32+a2^2  /   1 

Finally,  assume 

«2  ^92  —  1  =  0  ; 

this  obviously  requires  that 

C^   = '— ^  for  ^'  positive, 

(T     = -C tor  rr  ijositive. 

1  +  2  ^92+ a^/?  '   ^ 

It  is  clear  from  these  last  two  equations  that  any  values  of  a  and  ^9 
which  satisfy  a^  j3^  —  1  =  0  will  not  answer,  but  only  such  as  shall 
make 

A  +  oJ'B       _       B+l^'A 

■     1+2  a2  +  «2/92  "~  l+2/92+a2^"2 

Revert  for  a  moment  to  equations  (5),  which  correspond  to  rotation 
round  the  axis  c.  Combine  the  first  and  third  of  these  and  also  the 
second  and  third,  in  order  to  eliminate  k.     We  have 

QO 


r2     «i-     ^  ^  mC  


y  2 


h^  3    ^rr  id^ 


\'—c,'         2       J 


(37) 


6,^-c,^         2       J  ^  2>(6,^+0(c,^+0 
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»jr 


ra"-/V)=  'l  .vf 


tdt 


(38> 


0 

Where  ^,,  «,,  ,if,  are  written  instead  of  ",  «,  ^i  to  denote  that  tlie 
rotation  is  around  only  one  a.vis.  ('oin[)arinj;  the<e  with  (2.3),  where 
a,,  ^9,  may  al.«o  l>e  written  instciid  of"  «,  ^i',  ).^ives 

(:.-r)(i+«')  =  ^-«'r 
(,V-r)(i+/^^)  =  -^/-/'^-'^- 

Wc  can  clearly  determine  c,  >j,  ^  in  such  a  way  that  the.«^*  e<juations 
shall  he  .satisfied.  The  interpretation  of  this  is  simply  that  certaiu 
ellipsoids,  which  are  figures  of  equilibrium  when  the  rotati<»n  is  around 
one  principal  axis,  will  also  be  figures  of  e<iuilil)rium  when  the  rota- 
tion is  around  all  three  of  the  principal  axes.  The  consideration  of 
the  aise  when  the  ellip.s(»i(ls  are  of  rotation  need  not  Ik.-  entenil  into, 
as  the  conditions  for  this  case  follow  very  simply  from  the  formulie 
alrciidv  given  for  the  more  general  case*. 

There  is  another  way  of  attacking  the  general  problem  of  the  rota- 
tion of  a  fluid  ellipsoid,  which  is  much  more  general  in  its  nature  than 
the  preceding.  If  we  denote  by  w,  r,  w  the  component  velocities  of  a 
])article  of  the  fluid  mass,  whose  position  at  any  time  is  .r,  »/,  -,  then 
these  quantities  are  connected  with   the  ?,  r^,  ^  of  the  prtve<ling  pages 

by  the  relatives 

u  =  zrj  —  y  : 

r  =  .r  :  -  r  c  (39) 

xo  =  y  ^  —  X  r^ 

and,  as  is  well  known  from  the  principles  of  theoretic:il  mechanii'ii, 
con.^equently  c,  >;,  '  denote  the  vekn'ities  which  the  ellipsoid  would 
have  if  rotating  lu^  a  rigid  binly.  If  the  fluid,  however,  have  a  nmtion 
relatively  to  the  ellipsoid,  thest'  (piantities  .;,  );,  '  are  increa-st^nl  by  (vr- 
tain  (tther  components,  which  call 

^,  n,  / 

Then,  if  the  new  components  of  the  rotation  of  the  elli|>soiil  alwtut 
its  axes  are  denotetl  by  p,  (j,  r,  we  have 
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q  =  r,+H,  (40) 

r  =  C  +  Z. 
And  writing  a,  ^,  y  the  component  relative  velocities  of  the  particle 
a  =  If  4-  i/r  —  zq, 

^  =  V  —  zp  —  X)',  (41) 

r  =  (<--  -r  -vq  —  2/p. 
By  the  introduction  of  the  new  velocities  E,  H,  Z  we  have  now  to 
write  for  u,  v,  iv  the  expressions 


-^(^-^S^^h^(- 


r  =  ^  (:  +  ±zlz)-z(-^-{^^i:^  E\  (42) 

^  I,    ^  b'  +  c'       I  \      ^^  (?+a?       ) 

and  consequentlv  by  substitution  in  (41) 

,9  =2b^  I  -^i_  —  -^^  \  (43) 

Multiplying  these  by  .r,  y,  z,  respectively,  and  dividing  by  a.-,  b',  (^, 
we  have,  on  addition, 

"4  +  ?1  +  -14=.  (,  (44) 

cr  0'  c- 

and  this  expresses  the  fact  that  a  particle  Avhich  at  any  time  lies  on  a 
given  ellipsoid  will  throughout  the  motion  lie  either  on  this  ellipsoid 
or  on  one  similar  to  it.  This  is  similar  to  one  of  the  properties  of  the 
motion  of  a  fluid  particle  in  case  a  solid  ellipsoid  rotates  in  an  infinite 
mass  of  fluid,  viz.  (American  Journal  of  Mathematics,  vol.  2,  page 
271),  that  the  co-ordinates  of  a  fluid  particle  are  always  expressible  as 
functions  of  the  parameter  of  the  ellipsoid  upon  which  it  lies, 
which  is  confocal  to  the  given  ellipsoid.  Our  problem  being  now  one 
in  ordinary  hydrodynamics,  we  can  employ  the  equations  of  hydrody- 
namics for  its  further  elucidation.  It  wall  not  be  necessary  here  to 
enter  into  a  discussion  of  how  the  equations  of  motion  are  obtained  in 
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the  ra.se  of  moving  axes,  and  I  .-sliali  merely  write  the  e<|uations  at  once. 
Tliev  may  be  found  in  Riemann's  celebralcxl  paper,  '*  i'lber  (He  Betce- 
</iiiir/  chits  ffi'isxif/cn  f/lrir/iartif/en  Ef/ipsoi<l('M,^'  th<tn;.di  not  in  the  form 
given  hen-.  Denoting  i)y  j>  the  Hui<l  pressure,  by  (j  the  conr-tant  den- 
sity, and  by  I' the  potential  of  applied  foree.s,  we  have 
I  dp     ,     d  V    ,  ,       du     .     3  du  du     .    du       . 

n  d.r  dr  dx  dy  dz  dt 

1  du     ,    d  V,  .      dv     .     r.  dv     .         dv     ,     dv       ..  ,  ,-^ 

()  dy  dy  ■  dx  dy  dz         at 

1  di)     ,     d  V  dw     ,     r.  dw    ,       dw         dw       .. 

p  dz  dz  dx  dy  d  z  d  i 

W,  as  in  RiemannV  ea.se,  we  a.ssiime  that  the  only  forces  aeting  are 
those  due  to  the  mutual  attraction  of  the  particles  of  the  fluid  ellip- 
soid, we  have 

'-LL  =  ^  r,  etc.,  (46 1 

dx 


where 


A    =  '■'  M    ''         ^'' 


J       (a--r>l)iV' 
0 


^=?  ,1/     (*     — ^-,  (47) 

3    ,,     r^       d). 


C  =    ^  M     , , 


and 


0 


^V=  1    {<r-  /)(6--;-/)(r-  /) 
The  values  of  these  quantities  are  given  in  the  article  al)Ove  referreil 
to   in   the  American  Journal  of  Mfdlwmaticis.     Before  going  further 
observe  that,  no  external  forces  acting,  if  we  denote  by  «j,  w,  <»>,  the 
component-^  of  angular  momentum,  wc  have  from  nu-clianit-s 
dio,  ,  ,\ 

dt 

-IJ^-  —^o^p■(o^  r=  (>,  (48) 

3  _^„^  ,^-.  aj^p=  «•; 
at 
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and  since 


Wj  =  ^m  {ivy — vz), 

o).^  =  I'm  [uz — wx),  (49) 

W3  =  Sm  [vx — tiy), 
we  can  readily  find 

.,  ^^{(t^^if-u(c^+a^)a  (50) 

5    L   c-+a-  } 

M  f  (or — 6^)-  V       /  2  1  z.'\  >«  V 

o   I    a--\-o-  ) 

and  (47)  now  become 

—  /  fe!z:^'  H  +  (c^'+rr')  //  I  r  =  0,  etc.  (51) 

I   c^-j-a-  ) 

The   other  two  equations  being  easily   written    down    by   merely 
advancing  the  letters. 

Eliminating  the  pressure  from  equations  (45),  in  the  usual  manner,, 
and  substituting  for  u,  v,  w  their  values,  we  have 
1  ^^_9/    Z  r^      _    H  Z 


a^  dt  I  d'-r  ^^         «"+  c^ 

i^  =  2/^^J^-V,  (52) 

multiplying  these  by  f,  "-5,  ^,  respectively,  adding  and  integrating,  we 
have 

'  *•'  .,2  ;»2 


where  Cj  is  a  constant.  Substituting  in  (45)  the  values  of  the  difter- 
ent  quantities  therein  contained,  we  have,  on  performing  some  compli- 
cated reductions : 

p  dx  I  (c^-fa-f  \G^^d-  / 

-  46'(«b:^!)  z^  _  /^t:^  +  .y  \,  =  0,  etc.      (54) 
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Tlie  otlier  (.'(| nations  are  readily  \vritt<Mi  down.  'V\n-  (•(K'tli<'ieni.>  of 
y  and  z  in  the  first  of  (54)  vanish  liv  \  irtnt-  of  (51j.  These  niav  :ill 
be  written  l)riefly,  as 

1  ^i'  L  r  =  0 

//  dx 

^  'h^       X  :  =  0 

.  dz 

(foin  which 

^^        \{L.r       .)r,r       Ar)  =  eonst.  (56) 

t) 

Tlie  snrficcs  of  e<|nal  jtrc-siMf  arr  thns 

Lx-         Mif^         X~  =  eonst. 

It  docs  not  .'*eeni  possible  in  this  (".t<c  to  have  constant  valne>  tor  L, 

M,  iV  which  shall  lie  pro|»oi-tional  to 

1         1         1 

<r'    ir    r^' 

A  fnrthei'  investi«:;ation  wonld  nialv<'  it  ne<'«'s>arv  to  intnxhicc  fini<-- 
tionsof  a  hi»;^her  order  than  elliptic,  so  I  shall  not,  at  |tresi'nt,  attempt 
to  go  fnrtiier  in  this  interesting  and  rather  cnrions  problem. 

It  was  my  intenti<»n  to  add  here  a  note  on  the  motion  ot"  th»  tiuid 
ma.>v<  when  the  rotation  is  anuind  the  mean  axis  of  the  ellij>soid,  bnt 
after  having  written  ont  a  portion  of  tlie  work  I  disK-overeil  tiiat  that 
particnlar  cjls'  has  been  fnlly  worked  ont,  in  a  n\ost  eletr«nit  manner, 
by  Mr,  A.  (J.  (Jreenhill,  in  \'ol.  1 1  lot'the  I  *ro<  •ceilings  otthc  ( 'ambridge 
Philosophical  Society  ;  1  take  plca>nre,  therefon\  in  referring  the 
reader  to  that  source  for  t'nrther  intbrmation,  which  is  there  given  in  a 
nuich  iK'tter  maimer  than  I  <-onld  possibly  present  it.  I  trnsi  that 
Mr.  Greenhill  may  see  tit  at  some  fnture  time  to  take  \ip  the  more 
gencnil  problem  of  which  I  have  here  given  a  brief  ac<'onnt. 

WcuhiwjUm,  1).  C,  Sept.  'IS,  1880. 
Whole  No.  Vol.  CXI.— (Third  Skrif>,  Vol.  Ixxii.)  h 
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A  NEWLY   DISCOVERED   PROPERTY  of  the  ELLIPSE, 
ANT>  ITS  APPLICATION  TO  THE  "OVAI>  CHUCK." 


Bv  Frank  M.  IvEavitt. 


In  stiidyiiii;  to  devise  a  nuichine  for  a  certain  purpose,  the  writei" 
stumbled  upon  a  mathematical  jiroperty  of  the  ellipse  which  he  thinks 
to  be  not  devoid  of  interest,  on  account  of  its  apparently  not  having 
been  noticed  in  any  i)ublished  treatment  of  the  ellipse,  and  also  on 
account  of  its  practical  utility  for  the  purpose  below  mentioned. 

In  turnini:;  an  ellipse  on  a  lathe  ])rovided  with  an  ''oval  chuck"  the 
•disjid vantage  is  met  with  that  at  oidy  four  j)oints,  viz.,  at  the  extremi- 
ties of  the  major  and  minor  axes,  is  the  surface  of  the  work  in  a  posi- 
tion normal  to  the  cutting  tool,  half  of  the  time  the  upper  face  of  the 
latter  being  at  an  acute  angle  with  the  tangent  to  the  ellipse  at  the 
point  of  cutting,  whereby  the  tendency  is  to  spring  the  tool  away  from 
its  work,  and  during  the  remainder  of  the  time,  the  angle  formed 
being  obtuse,  the  i)ressure  tends  to  sj)ring  the  tool  inward,  with  the 
liability  of  making  too  deep  a  cut. 

A  similar  state  of  things  exists  when  a  blank  of  sheet  metal  is  being 
trimmed  in  an  "oval  chuck,"  and  it  is  in  this  case  so  serious  an  obstacle 
AS  to  make  it  totally  impossible  to  obtiiin  a  satisfactory  result. 

It  was  while  studying  for  a  remedy  in  this  latter  case  that  the  fol- 
lowing property  was  noticed : 

If  an  indefinite  line  be  drawn  through  the  centre  of  an  ellipse,  and  if 
ihroiigh  a  point  on  this  line  situated  at  a  constant  distance  from  the  point 
of  intersection  with  the  ellipse  (and  outside  the  latter)  a  line  be  di'awn 
making  with  the  transverse  axis  of  the  ellipse  an  angle  equal  to  the  angle 
made  iiyith  the  same  by  the  line  drawn  through  the  centre,  the  portion  of 
the  prolongation  of  the  line  so  drawn  included  between  iUi  point  of  inter- 
section with  the  line  through  the  centre  of  the  ellipse  and  a  normal  to  the 
latter  at  its  intersected  point,  will  be  of  a  constant  length. 

To  make  this  clear  by  Fig.  1,  draw  any  line  through  the  centre,  as 
0  D.  At  the  constant  distiince  ^  D  =  Cdraw  through  the  point  D 
a  line  3fD  E,  making  the  angle  D  31  0  ^=  D  0  31.  From  the  point 
A  draw  the  normal  A  E.     Then  will   the  distance  E  D,  included 
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between  the  normal  and  tlie  line  0  T)  be  constant  for  all  positions,  in 
the  same  ellipse,  of  the  line  0  D. 


This  may  be  proved  as  follows : 

Let  r  be  the  radius  vector  0  A  of  the  point  of  intersection  A,  a  the 
Jingle  A  0  B  =  E  M  0,  x"  and  y"  the  co-ordinates  of  the  point  A, 
the  origin  of  co-ordinates  being  at  the  centre  of  the  ellipse,  (f^  and  y^ 
the  co-ordinates  of  the  point  E,  and  a  and  b  respectively  the  semi- 
transverse  and  semi-conjugate  diameters  of  the  ellipse.  Let  E D  =  B 
We  have  x^  =  cos.  «  (?•  -j-  c  —  H) 

y^  =  sin.  a  (r  +  c  4-  J?) 
also,  x"  =  r  COS.  a 

y"  =  r  sin.  a 
which  values,  substituted  in  the  equation  of  a  normal  to  the  ellipse, 

{y  —  y")  b'  x"  =  (x  —  x")  «2  y" 
gives  after  reducing 

R = 'J—tJ:  c 

a-  -f-  b' 

Hence  jR  is  constant  for  each  ellipse,  and  its  value  depends  on  the 
values  of  the  major  and  minor  axes  of  the  same,  multiplied  by  the 
constant  e,  and  varies  from  J?  =  0  when  a  =  b,  or  in  the  case  of  a 
circle,  to  R  =  c  when  b  =  (). 

The  manner  in  which  this  principle  may  be  applied  to  a  lathe  fur- 
nished with  an  "oval  chuck"  is  illustrated  by  the  skeleton  drawing 
Fig.  2,  which  is  lettered  similarly  to  Fig.  1. 

The  slotted  arm  A  E  swings  freely  on  the  pivot  A,  which  is  fixed 
to  the  carriage  of  the  lathe,  and  to  this  arm  is  fastened  the  cutting 
tool  t  by  a  proper  tool  post  not  shown  in  the  sketch.     The  tool  must 
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be  so  placed  that  its  cutting  edge  is  in  line  with  the  centre  of  motion  J., 
of  the  arm  A  E,  and  of  coiu-se  enough  in  front  of  the  pivot  on  which 
the  arm  vibrates  as  not  to  allow  the  latter  to  interfere  with  the  work. 


O 


^.■  M 


Fig.  2. 


On  the  lathe  carriage,  at  any  convenient  distance  from  the  centre  of 
motion  A,  is  a  rotiiting  shaft  D,  which  is  geared  in  some  way  with  the 
main  spindle,  0,  of  the  lathe,  so  as  to  make  two  revolutions  to  the 
latter's  one,  and  in  the  same  direction.  This  shaft  D  is  provided  with 
a  crank,  D  E,  the  crank-pin  of  which  slides  in  the  slot  in  the  arm 
A  E,  and  is  so  arranged  as  to  be  adjustable  to  any  desired  distance 
from  the  centre  of  the  shaft. 

When  the  transverse  axis  of  the  ellip.se  to  be  turned  coincides  with 
the  line  GAD  the  crank  EI)  must  be  on  its  inner  centre,  that  is,  with 
its  crank-pin  in  the  line  GAD,  and  between  G  and  D.  Then,  since 
the  shaft  D  ha.s  twice  the  angular  velocity  of  the  spindle  G,  it  follows 
that  at  all  times  the  angle  A  D  E  formed  by  the  crank  with  tiie  line 
0  D  will  be  twice  as  great  as  that  formed  by  the  transverse  axis  with 
the  line  G  1),  or  A  D  E  =  '1 IJ  G  31,  a  condition  required  in  our 
proposition.  Also,  the  fixed  distance  A  D  represents  the  constant  c, 
the  crank  D  E  being  the  constant  R.  It  therefore  follows,  from  the 
conditions  above  set  forth,  that  in  all  positions  of  the  chuck  the  arm 
A  E,  and  consequently  the  tool  t,  will  be  in  a  normal  position  to  the 
periphery  of  the  ellipse  at  the  point  of  cutting,  which  is  the  condition 
soutjht  for. 
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The  mechanism  may  he  adapted  to  the  turiiiii*^  of  ellipses  of  differ- 
•ent  eccentricity  by  simply  adjusting  the  distance  of  the  crank  pin  from 
the  centre  of  the  shaft  D  so  that  its  value  Avill  be 

a.,  -f  62 
It  is  evident  that  if  a  pair  of  rotary  cutters  be  substituted  for  the 
turning  tool,  in  trimming  sheet  metal  blanks,  the  required  result  will 
be  obtaiued  in  a  similar  manner. 


A  SIMPLE  TRANSMISSION  DYNAMOMETER. 


By  EiJHU  Thomson. 


While  engaged  in  the  work  of  constructing  and  testing  dynamo- 
electric  machines  of  various  sizes  and  capacities,  the  need  was  felt 
of  a  simple  instrument,  by  means  of  which  a  measurement  of 
power  transmitted  to  a  machine  could  be  readily  obtained.  To  supply 
this  need,  the  dynamometer  which  forms  the  subject  of  this  paper, 
was  devised.  It  is  a  modification  of  the  dynamometer  which,  I 
believe,  Avas  invented  by  Herr  von  Hefner-Altenech,  and  used  by  Dr. 
J.  Hopkinson  in  his  tests  of  Siemens'  dynamo-electric  machines. 


Fig.  1  represents  a  side  elevation  of  the  essential  parts  and  their 
relations  to  one  another.  D  is  the  driving  pulley,  from  M'hich  power 
is  conveyed  to  the  driven  pulley  J/ by  a  belt.  The  pulley  J/,  in  my 
experiments,  was  upon  the  shaft  of  the  dynamo-electric  machine 
which  consumed  the  transmitted  power.  The  relative  sizes  of  the 
pulleys  D  and  J/  is  immaterial.  Between  them,  and  distant  from 
D  its  own  diameter,  is  mounted  an  idle  pulley  I,  of  the  same  diameter 
as  that  of  D.     Between  the  driving  pulley  D  and  the  idle  pulley  /are 
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two  small  idle  pulleys,  B  C,  mounted  to  run  freely  in  a  movable  frame^ 
F.  The  pulleys  B  C  are  placed  at  such  a  distance  apart  that  the  angles 
A  A,  formed  by  lines  of  the  belt  leaving  D  and  I,  shall  be  each  60°^ 
The  frame  F,  supporting  the  pulleys  B  C,  is  hung  upon  one  extremity 
of  a  horizontal  lever,  L,  whose  fulcrum  is  at  H.  The  frame  F  and. 
pulleys  B  C  are  free  to  move  in  a  vertical  direction  through  a  small 
range,  being  suitably  guided,  as  at  S.  The  lever  L  is  provided  with; 
a  sliding  weight,  W,  and  has  divisions  marked  upon  it  equal  to,  or- 
fractions  of,  the  distance  from  the  fulcrum  JI  to  the  points  of  attach- 
ment of  the  frame  F  to  the  lever  L. 

The  weight  Wis  first  removed,  and  the  lever  L  and  counterpoise  V 
made  to  exactly  balance  the  frame  F.  This  adjustment  is  made 
when  the  parts  are  free  to  move,  and  once  made  need  not  be  repeated. 
It  matters  not  what  may  be  the  tension  of  the  belt  used,  the  equi- 
librium will  remain  undisturbed,  because  the  strains  are  counter- 
balanced upon  the  pulleys  B  and  C.  Let  now  rotary  motion  be 
imparted,  as  shown  by  the  arrows,  and  all  parts  be  assumed  to  run 
without  friction  or  resistance;  the  equilibrium  of  the  lever  and  frame 
will  not  be  disturbed.  Further,  let  there  be  a  consumption  of  power 
in  turning  the  pulley  M.  In  this  case  the  lower  side  of  the  belt  will 
become  more  tense  than  the  upper  side,  and  in  consequence,  the  pulley 
B  having  to  support  this  added  tension,  and  C  being  relieved  of  part 
of  the  tension,  there  results  a  downward  tendency  of  the  pulley  B,  fol- 
lowed by  C  and  the  frame  F.  The  lever  L  is  consequently  thrown  out 
of  equilibrium.  By  placing  the  weight  W  upon  the  lever  L,  so  as 
to  restore  the  equilibrium,  we  will  be  able  to  obtain  an  exact  measure, 
in  pounds,  of  the  difference  of  tension  of  the  two  sides  of  the  belt, 
which,  multiplied  by  the  belt  speed  in  feet  per  minute,  gives  the  power 
in  foot-pounds  per  minute. 

Thus,  if  the  weight  W  be  33  lbs.  and  to  produce  equilibrium, 
it  is  required  to  be  placed  upon  the  lever  Z/  at  a  distance  from  H 
equal  to  that  of  the  frame  F  on  the  other  side,  then  the  tendency  of 
the  frame  F  to  move  downwards  is  33  lbs.  But  when  the  angles  A  A 
equal  60°  each,  the  downward  tendency  of  the  frame  F  equals  the  dif- 
ference of  tension  of  the  two  sides  of  the  belt,  or  the  difference  in 
longitudinal  strains  of  the  driving  side  and  loose  side.  To  determine 
the  belt  speed  per  minute  it  is  of  course  only  necessary  to  know  the 
circumference  in  feet  and  number  of  revolutions  of  either  of  the 
pulleys  D,  lor  M,  and  multiply  these  quantities  together.    In  the  case 
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assumed  let  the  j)roduct,  or  Ijelt  speed,  be  1000  feet,  whieh,  multiplied 
Ijy  the  tension  difference,  33  lbs,,  is  33,000,  or  one  horse-power. 


Fir/.  }i 


Fig,  2  is  intended  to  elucidate  the  effect  produced  upon  the  frame 
F  by  the  increase  of  the  tension  of  the  drivin<r  side  of  the  belt, 
and  to  show  that  the  downward  tendency  of  said  frame  is  a  measure 
of  the  difference  of  longitudinal  strain  of  the  tight  and  loose  sides  of 
the  belt.  Since  tjie  strains  upon  the  pulleys  i>  and  C,  due  merely  to 
the  tightness  of  the  belt,  irrespectively  of  its  function  in  conveying 
power,  are  equal  upon  each,  these  strains  neutralize  each  other,  and 
may  therefore  be  neglected.  In  Fig.  2  let  <i  h  and  h  c  represent  the 
differences  of  belt  strain  due  to  power  transmission,  on  the  [xtrtions  of 
l)elt  upon  each  side  of  the  frame  F;  that  is,  a  b  represents  the  differ- 
ence of  strain  of  two  portions  of  the  belt,  one  passing  tangentially 
from  the  pulley  D  to  the  pulley  C,  ani^l  the  other  portion  passing  tan- 
gentially from  D  to  B.  Similarly,  h  c  represents  the  difference  of 
strain  of  those  portions  passing  tangentially  from  the  pulley  I  to  B 
and  C  respectively.  These  differences  of  strain  act  upon  the  pulley  B 
at  an  angle  of  120°  to  each  other,  as  will  be  seen  from  the  direction 
taken  by  the  belt.  The  resultant,  b  d,  Fig.  2,  is  equal  (o  a  b  or  b  c 
and  is  downward.  This  resultant  is  counterbalanced  by  the  sliding 
weight   ITand  measuretl  upon  the  lever  L  useil  as  a  steelyard. 

When  properly  constructed,  so  that  the  parts  have  sufficient  freedom 
of  motion,  this  dynamometer  is  capable  of  slunving  (piite  small  varia- 
tions of  power  consumetl,  and  it  has  the  advantiige  that  the  mea-^ure- 
ments  are  taken  directly  from  the  driving  belt  antl  not  from  inter- 
vening apparatus  involving  considerable  friction.  When  the  upper 
side  of  the  belt  is  the  tight  or  driving  side,  suitable  m(Mlific:\tions  (tin 
be  made  in  the  arrangement  <»f  parts,  ami  will  readily  suggest  them- 
selves. The  dynamometer  which  1  have  used  has  alx)ut  the  following 
dimensions:  Pulley  D  =  32  in.  diam.;  /  =  32  in.  diam.;  dist;ince 
between   D  and  /=  32  in.;    diameter  of  pulleys  B  and   C=  8  in.: 
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distance  from  centre  to  centre  of  B  and  (7=10  in. ;  length  of  the 
lever  i  =  80  in.;  the  support,  or  fulcrum,  J I  is  10  in.  from  the  point 
of  attachment  of  the  frame  F,  and  the  lever  L  is  divided  on  the  long 
arm  into  divisions  of  5  inches,  marked  1,  2,  3,  etc.;  the  weight  Wis 
33  lbs.,  and  belt  speed  2000  feet  per  minute. 

In  this  case  the  numbers  1,  2,  3,  etc.,  on  the  lever  L  read  horse- 
powers. The  belt  speed,  of  course,  varies  within  certain  limits,  and 
allowance  is  made  for  its  variations. 


METHODS   FOR  JUDGING  OF  THE  WHOLESOMENES8 
OF  DRINKING  AVATER.* 


Bv  Reuben  Haines. 


Many  years  ago  the  usual  way  to  ascertain  the  wholesomeness  of 
drinking  water  was  to  discover  what  mineral  impurities  were  present. 
The  water  was  therefore  evaporated  to  dryness,  and  a  more  or  less  com- 
plete analysis  was  made  of  the  solid  mineral  substance  left,  as  is  done 
Avith  mineral-spring  waters.  Little  attention  was  given  to  the  organic 
matter,  except  when  present  in  very  large  amounts,  as  in  marsh  water, 
etc.  Occasionally,  even  now,  we  read  of  some  one  making  tests  for 
mineral  impurities  in  a  suspected  well  water,  but  omitting  any  test  for 
the  organic  matter.  Such  analyses  were  exceedingly  troublesome ;  and, 
after  all,  it  is  very  doubtful  whether  they  wei'e  of  much  value — in  many 
cases  perhaps  of  no  value  whatever,  in  ascertaining  the  wholesomeness 
of  ordinary  drinking  water.  Of  course,  the  detection  of  iron  and  of  sul- 
phate of  lime  and  magnesia,  in  this  Avay,  was  of  some  importance,  for 
waters  containing  considerable  amounts  of  these  substances  should  be 
considered  unwholesome  for  daily  use,  in  health.  But  we  really  have 
no  reason  at  all  for  supposing  that  such  mineral  substances  as  silica, 
alumina,  potash  and  soda,  as  they  occur  in  any,  but  very  rare  cases, 
haive  any  influence  whatever  on  health.  Moreover,  waters  which  are 
free  from  much  mineral  salts  may  often  be  very  unwholesome  for  otlier 
reasons  not  discoverable  at  all  in  this  way.  This  sort  of  analysis  has 
therefore  been  entirely  discarded  by  chemists  conversant  with  recent 
sanitary    experience,    except   in    selecting    a    new    source    of    water 

*  Abstracts  of  lectures  delivered  before  the  Franklin  Institute,  December,  1880,  in 
which  additional  original  matter  lias  been  introduced. 
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supply  tor  a  city,  which  involves  other  than  siinitary  interests  as  well. 

In  the  preceding  lecture  it  was  shown  that  by  far  the  most  important 
element  in  sanitiiry  investigations  of  water,  is  the  organic  matter  con- 
tained in  it,  eitiier  in  the  form  of  minute  susjxMided  |>articles  or  in 
iictual  solution.  It  was  shown  that  the  purest  rain  and  spring  waters 
<,'ontain  a  minute  amount  of  (trgaiiic  matter,  hut  that  rivers,  streams, 
and  shallow  wells  in  populous  districts,  contain  much  largi-r  proportions 
■of  it.  It  has  long  hccu  known  that  waters,  the  sources  of  which  (trigi- 
nate  in  populous  districts,  wer«'  often  tin-  ap|)arent  cause  of  disease. 

These  facts  have  heen  for  many  years  recognized  l>y  chemists,  and 
it  has  therefore  been  their  endeavor  to  devise  methotls  for  finding  the 
^xact  amount  and  also  tlie  nature  of  this  organic  material.  Let  us 
now  briefly  review  the  advances  which  have  Ijeen  made  in  this  direction. 

The  earliest  method  used  ibr  this  purpose  wiis  what  is  known  lU';  the 
■** ignition"  process.  It  consisted  in  evaporating  a  measured  »ju:uitity 
of  water  to  dryness  at  a  temperature  which  varied  with  ilincnnt 
<'hemists,  and  weighing  the  residue.  This  residue  was  then  exposed  in 
a  platinum  dish  to  a  sullicient  heat  to  burn  away  all  the  organic  mat- 
ter. On  cooling,  the  weight  was  again  taken,  and  the  difference  wa"« 
called  organic  matter.  It  was  very  simple,  and  easily  performed,  ami 
was  extensively  practiced.  It  has  bsen  shown,  however,  to  giv«'  very 
erroneous  results  in  a  large  munber  of  cases,  especially  with  hard  waters, 
and  well  waters  containing  considerable  nitrate.  There  are  mnnenuis 
■chemical  objections  to  it  whi<.'h  render  it  entirely  fallacious,  i»ut  it  will 
not  be  proper  on  the  j)resent  occasion  to  enter  iut<»  much  chemical 
<letail.  We  may  say,  however,  that  any  carbonates  of  liuje,  etc.,  will, 
by  the  heat  ne(^essarv  to  burn  away  the  organic  matter,  partially  lose 
their  carbonic  acid,  ammoniacal  salts  will  be  volatilized,  nitrates  will 
be  converted  into  carbonates  by  the  carbon  of  the  organic  matter,  these 
and  other  salts  will  lose  water  of  crystalliz.{ition,  and  if  much  chloride 
of  sodiiun  is  present,  in  contact  with  carbon,  hvdi-oehloric  acid  will  be 
volatilized,  the  fumes  of  which  are  often  perceptible  in  thus  treat- 
ing the  residue  of  a  highly  polluted  wat<  r.  Moreover,  it  is  freijuently 
<lifficult  to  get  rid  of  the  last  traces  of  unconsumetl  carbon  without 
raising  the  intensity  of  the  heat  so  as  to  render  the  K)ssof  mineral  s;dts 
j)ositively  certain.  In  fact,  we  can  nev«'r  know  what  interchanges  may 
take  place  among  the  materials  of  the  residue  when  heatetl  to  faint 
redness.  Various  efforts  were  made  to  avoid  this,  or  to  replace  the  los-^. 
Carlxuiate  of  soda  was  added  during  the  first  evaporation,  but  it  has 
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been  shown  that  by  this  means  a  part  of  the  organic  matter  was  liable 
to  be  destroyed  before  the  first  weight  was  taken.  Carbonate  of 
ammonia,  or  carbonic  acid  water  was  added  to  the  residue  after  being 
heated,  so  as  to  restore  the  lost  carbonic  acid,  but  while  this  confessedly 
replaces 'only  a  part  of  the  loss,  it  has  also  been  shown  that  the  weight 
of  the  residue  is  frequently  increased  in  a  curious  and  irregular  manner 
by  this  means,  so  as  finally  to  become  sometimes  considerably  greater 
than  it  was  before  being  heated  at  all. 

Prof.  \Ym.  Ripley  Nichols  finds  this  method,  with  the  employment 
of  aqueous  carbonic  acid,  of  some  utility  for  the  relative  comparison 
of  the  very  soft  waters  of  many  New  England  streams.  In  these  cases^ 
the  loss  appears  to  represent  chiefly  organic  matter,  and  is  recorded  as 
"  organic  and  volatile  matter,"  which  is  the  only  accurate  designation 
for  it.  But  the  results  probably  can  never  be,  constantly,  very 
exact,  and  no  reliance  should  be  placed  upon  them  to  the  exclu- 
sion of  other  tests.  In  the  case  of  the  majority  of  well  waters  Prof. 
Nichols  considers  this  method  valueless.  It  may  frequently  be  useful,, 
and  as  a  qualitative  test  only,  to  heat  the  solid  residue,  and  notice 
the  odor,  if  any  is  given  off.  This  will  aid  us  in  distinguishing  animal 
from  vegetable  substances. 

The  unsatisfactory  character  of  the  "ignition"  method  led  chemists- 
to  adopt  what  is  known  as  the  "permanganate"  method.  Of  this 
there  are  numerous  modifications,  giving  different  results  according  to- 
the  practice  of  different  chemists.  They  are  all  based  on  the  same 
general  principle,  which  is  strikingly  illustrated  by  the  action  of  potas- 
sic  permanganate  on  oxalic  acid  in  solution.  The  magnificent  cofor  of 
the  permanganate  almost  instantly  disappears  in  a  surprising  manner. 
If  we  pour  very  rapidly,  numerous  bubbles  of  gas  rise  and  burst  at  the 
surface,  exactly  as  in  a  glass  of  soda  water.  Now,  what  happens  here 
is,  chemically,  just  as  truly  combustion,  as  the  burning  of  coal  in  a  fire,, 
only  the  oxidation  takes  place  in  water  instead  of  air.  The  perman- 
ganate is  rich  in  oxygen,  which  it  gives  up  very  readily,  and  this  com- 
bines with  the  oxalic  acid  to  form  carbonic  acid  and  water,  just  as  the 
oxygen  of  the  air  unites  with  the  burning  coal  to  form  the  same  sub- 
stances. The  oxalic  acid  is  destroyed  and  the  resulting  carbonic  acid 
gas  passes  off  in  small  l)ubbles.  The  permanganate  also  is  destroyed,, 
as  is  shown  by  the  disappearance  of  color,  and  the  hydrated  oxide  of 
manganese,  which  would  otherwise  settle  in  brown  particles,  is  held  in 
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solution  by  sulphuric  acid,  a  little  of  whicli  wit-  {iroviously  a<l<le<l  : 
forming  the  colorle.ss  manganese  sulpliate. 

Now  oxalic  acid  is  only  one  of  the  many  organic  substances  upon 
which  potassic  permanganate  acts  in  the  .same  way,  in  a  greater  or  lea»> 
degree.  As  long  as  there  Ls  organic  substance  in  the  liquid  to  l>e  acted 
upon,  the  color  of  the  permanganate  will  be  destroyed,  although,  in 
some  cuses,  very  slowly;  but  a.s  .soon  its  this  organic  sul^stance  is 
exhausted  the  j>ink  color  will  remain  permanent  in  the  liqui<l.  We 
obtain  in  this  way  a  .sort  of  measure  of  the  amount  of  organic  sub- 
stance. In  the  actual  analysis  the  chemist  takes  a  meiv^ure^l  (piantity 
of  the  sample  of  water  and  pours  into  it  from  a  meitsuring-lulK-,  ctdletl 
a  burette,  a  solution  of  permanganate  of  known  .strength.  This  is  a 
very  imperfect  description  of  the  method,  but  it  is  sufficient  for  our 
purpo.se. 

This  method,  with  whatever  modification  it  is  use<l,  does  not  really 
show  how  much  organic  matter  is  actually  present,  but  only  how  much 
oxygen  has  l)ecn  required  by  the  substances  which  are  c;q table  of  being 
oxidized  in  this  way.  German  chemists  are  in  the  hal)it  of  lockoning 
five  times  the  numbers  obtiiineil  in  the  analysis  as  representing  the 
total  amount  of  "Organischer  Substanz."  This  is,  however,  an 
arbitrary  factor,  and  while  it  may  have  been  tolerably  accurate  for 
some  waters  used  as  test-analyses,  we  have  no  ])roof  at  all  that  the 
calculation  would  be  accurate  in  all  other  c;\ses,  and  it  is  hence  reiluced 
to  a  mere  guess. 

There  are  many  objections  to  this  method  which  show  it  to  l)e  very 
unreliable.  Different  substances  are  acted  upon  in  very  different  degrees 
by  {Kirmang-anate,  and  upon  some  that  must  frequently  occur  in  polluted 
water  there  is  no  action  at  all.  Hence  the  metluxl  cannot  by  any  means 
be  relied  upon  to  give  the  absolute  amount  of  organic  substance.  If 
nitrous  acid,  ammonia,  hydrogen  sulphide,  or  protoxide  of  iron  are  pres- 
ent in  the  water  they  will  afl'ect  the  j)ennang-anate  in  the  simu-  wav  as 
organic  matter,  and  would  be<'ounted  as  such  in  the  analvsis.  We  must, 
therefore,  find  the  amount  of  these  substances  in  other  ways  and  make 
a  correction  for  them.  It  is  also  stateil  to  l)e  unwrtain  whether  the 
action  on  ammonia  is  uniform,  and  if  it  is  not,  no  awurate  c<.»rrc<"tion 
for  the  ammonia  can  be  made.  Dr.  Fmnkland,  while  condemning  this 
method  as  entirely  unreliable  for  jiseertaining  the  quantity  of  organic 
matter,  admits  that  it  may  l)e  a  useful  fjualitativc  test.  "  Thus,"  he 
siys,  "  if  a  clear  and  colorless  water  decolorizes  nuich  of  the  jterman- 
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ganate  solution  the  water  ought  to  be  rejected  for  domestic  use,  as  being 
of  doubtful  quality."  It  has  the  advantage  of  being  readily  per- 
formed, as  a  qualitative  test,  in  a  short  time,  with  few  materials  and  no 
special  apparatus,  and  is  therefore  useful  on  occasions  when  there  is 
no  oppcirtuuity  for  a  regular  analysis. 

In  the  hands  of  any  one  chemist,  its  use  as  a  quantitative  method 
will,  without  doubt,  give  some  valuable  information  as  to  the  relative 
quality  of  different  waters,  if  the  test  is  always  performed  in  the 
same  manner.  The  degree  of  rapidity  with  which  the  oxidation  takes 
place  will  probably  give  some  idea  as  to  the  putrescible  nature  of  the 
organic  matter.  It  is  thus  that  Dr.  Tidy's  periodical  analyses  of  the 
jnetropolitan  water  of  London, ,  by  the  permanganate  method,  have 
not  been  without  value. 

In  England  and  America  both  the  methods  I  have  described  have 
been  to  a  great  extent  abandoned,  and  two  other  methods  have  taken 
their  place.  These  are  Wanklyn's  ammonia  method,  and  Frankland's 
combustion  method,  which  were  devised  and  published  at  nearly  the 
same  time  in  1867  and  1868.  The  Frankland  process  consists  in 
•evaporating  a  measured  quantity  of  water  to  dryness  and  burning  the 
residue  in  a  combustion-tube  on  the  same  principle  as  that  by  which 
an  organic  analysis  is  made.  The  resulting  gases  instead  of  being 
immediately  absorbed  are  measured  in  a  delicate  and  complicated 
apparatus  for  gas  analysis,  and  then  separated  by  absorption.  The 
gases  resulting  from  the  organic  matter  are  chiefly  carbonic  acid  and 
Jiitrogen,  and  are  calculated  as  organic  carbon  and  organic  nitrogen. 
The  gases  are  drawn  out  of  the  combustion-tube  by  means  of  a 
Sprengel  vacuum  pump,  and  upon  the  perfection  of  the  vacuum  pro- 
duced, depends,  in  part,  the  reliability  of  the  results. 

The  Wanklyn  method,  which  is  much  more  generally  practiced, 
makes  use  of  the  potassic  permanganate.  A  measured  quantity  of  the 
water  to  be  analyzed -is  put  into  a  glass  retort,  to  which  is  attached  a 
condenser.  A  little  carbonate  of  soda  is  dropped  in  through  the 
stoppered  orifice  in  the  retort,  and  the  water  is  distilled  rapidly  until 
no  more  ammonia  is  given  off,  and  condensed  with  the  steam.  The 
•distilled  water  is  collected  in  flat-bottomed  test-tubes  of  perfectly  color- 
less glass.  TJiis  ammonia,  which  is  first  distilled,  is  called  free 
ammonia.  It  is  that  which  is  present,  in  the  form  of  ammonia,  either 
in  the  free  state  or  in  combination,  in  the  water.  A  solution  of  potassic 
permanganate,  with  which  a  strong  solution  of  caustic  potash  has  been 
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niixod,  is  now  poured  into  the  retort,  and  the  distillation  rontinn<-<l 
until  no  more  annnonia  is  j)ei*ceived  in  the  (listille<l  water.  Th*- 
aniinonia  nowf'onnd  in  thedistiHatc  is  called  *' alUnrninoid  ammonia, '' 
and  is  that  wiiieh  results  from  the  decomposition  of  nitroji^enoiis  or<raiiic 
matter  by  tlie  action  of  the  pertnanj^natc  solution.  Hence  it  repre- 
sents that  organic  matter,  and  forms  a  relative,  more  or  less  definite, 
mejLsiire  of  it.  It  is  upon  this  peculiar  action  of  a  lK)ilin<r,  stron<rly 
;ill<aline  solution  of  potassic  permanganate  that  the  metluMi  o\'  W'ank- 
Ivn  is  founded.  The  deli(5icy  of"  the  method  depends  upon  the  sensi- 
tivcrx'ss  of  the  Xcssler  test  for  ammonia,  which  is  (inc  of  the  mn>t 
delicate  colorometric  tests  in  the  whole  ran<r(.'  «tf  analyti(".il  chemistrv. 
I)ein^  capable  of  recoi^ni/inj:;  eiisily  one  part  of  ammonia  in  ten  million 
|)arts  of  water,  and  distini^uishinj^  differences  of  one-third  of  this 
amount. 

Let  us  now  consider  some  of  the  defects  of  these  two  metho<l~  "f 
analysis  and  aj)|>rcciate  what  may  be  really  learned  by  their  use. 

In  the  first  j)lace,  by  neither  of  them  can  we,  with  certiinty,  estimat«- 
the  exact  amount  of  orj^anic  matter  actually  present  in  water.  For 
this  pinpose  there  is  no  method  known  ;  norciui  these  methods  enable 
us  to  identify  and  separate  the  different  kinds  of  <»r<ranic  substances 
that  may  be  present.  In  fact,  we  know  almost  n<»thing  iis  to  their 
nature,  except  that  there  is  a  general  impression  that  much  of  this 
polluting  material  is  probably  of  an  albinninoid  character. 

Fraid<land's  method  endeavors  to  estimate  the  exact  quantity  <tf 
org:inic  matter,  but,  as  will  be  seen  by  a  randid  examination  of  the 
essential  defects  of  the  pnx'ess,  there  is  at  lea.st  a  formitlable  array  of 
prol labilities  ai!;ainst  the  possibilitv  (»f  its  doing  this. 

W'anUlyn,  on  the  other  hand,  does  not  undertak<!  to  estimate  th»' 
absolute  quantity,  but  simj)ly  attempts  to  find  a  factor  by  which  to 
make  a  tolerably  accurate  comparison  of  the  relative  pm-ity  or  impurity 
of  water.  Ky  this  method  we  analvze  a  natin*allv  gotnl  water,  known 
beforehand  to  be  wholesome  bv  long  exj>erience  and  al»sence  tjf  any 
contaminating  source,  and  the  residts  obtaiiunl  from  this  an-  then  taken 
a.s  a  standard  by  which  to  compare  other  waters.  The  opinion  i^ 
expressi^d  by  some  chemists  that  this  standani,  although  |>r:icticjdly 
constant  for  any  one  locality,  will  be  a|>t  to  vary  eonsiderablv  for  dif- 
ferent localities,  even  remote  from  the  se:iside. 

In  comi)aring  the  two  metluKls  we  may  sjiy  that  both  are  philoso- 
phical in  some  points,  and  both  unphilosophic:il  in  other  ways. 


126  Haines — Drinking  Water.  [Jour.  Frank.  Inst., 

That  of  Frankland  seems  theoretically  better,  because  a  combustion 
is  made  of  the  organic  matter  on  precisely  the  same  principle  that  is 
employed  in  the  ultimate  analysis  of  an  organic  compound.  By  this 
means  the  carbonaceous  matter  not  nitrogenous  is  also  estimated,  which 
does  not' enter  into  the  results  of  Wanklyn's  metliod. 

But  Wanklyn's  method  is  more  philosophical,  because  it  deals  with 
the  water  itself,  and  not  with  merely  the  solid  residue  left  after  evap- 
orating the  water.  We  want  to  know  what  is  contained  in  the  water, 
or  at  least  the  properties  of  the  water ;  but  we  do  not  necessarily  need 
to  know  what  is  in  the  residue,  for  it  is  at  best  only  indirect  evidence, 
and  what  is  shown  by  it  may  be  only  partially  true  of  the  water  from 
which  the  residue  came. 

The  value  of  Frankland's  process  depends  on  the  assumption  that 
what  is  contained  in  the  residue  fairly  represents  what  is  contained  in 
the  water  itself,  deducting  of  course  the  nitrates,  which  must  be  got 
rid  of  in  conducting  this  method.  This  is  really  an  assumption  which 
Frankland  has  never  clearly  proved  to  be  a  fact,  and  which  Wanklyn 
and  others,  including  German  authorities,  claim  is  a  mistake.  It  has 
been  shown  by  German  chemists  that  an  appreciable  amount  of  organic 
matter  is  lost  during  the  evaporation  of  the  water,  especially  when 
originally  volatile  matter  is  present.  Moreover,  we  have  no  knowl- 
edge as  to  whether  volatile  products  may  not  be  formed  during  the 
evaporation  at  the  boiling  temperature.  Franklund  endeavors  to  pre- 
vent the  latter  result  by  the  addition  of  sulphurous  acid,  taking  advan- 
tage of  its  antiseptic  properties.  This  has,  however,  been  shown  to  be 
quite  objectionable,  causing  the  inevitable  loss  of  part  of  the  organic 
matter  through  the  formation  of  gradually  concentrating  sulphuric 
acid.  It  is  claimed  that  the  further  addition  of  sodium  sulphite  will 
not  sufficiently  neutralize  this  acid ;  but  whether  this  is  correct  or  not 
may  not  have  been  proved.  Several  other  technical  objections*  have 
been  advanced  against  the  method,  which  it  will  be  unnecessary  to 
quote  here.  Finally,  the  chances  of  error,  and  the  numerical  corrections 
to  be  made  are  so  numerous  as  to  make  this  method  quite  complicated 
and  difficult.  It  requires  the  chemist  to  be  thoroughly  skilled  in  the 
most  delicate  gas  analysis,  on  account  of  the  exceeding  minuteness  of 
the  quantities  to  be  measured,  as  compared  with  ordinary  analysis. 
The  apparatus  is  costly  and  fragile,  and  considerable  time  is  required 

*  Yide  Jour.  Chem.  Soc,  Chem.  News,  etc. 
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for  each  analysis.  Skilful  clieniist.s  initrht  \mA  con.sider  some  of  these 
iis  reallv  serious  objections,  but  they  will  certainly  prevent  the  general 
adoption  of  this  method  by  City  and  State  15oards  of  Health  for  sani- 
tary purposes. 

This  method  endeavors,  also,  to  determine  the  character  of  the 
organic  matter  by  the  proportionate  relation  of  the  organic  nitrogen, 
to  the  organic  carbon,  this  relation  being  found  to  be,  by  an  average 
between  wide  limits,  respectively,  1  :  ll"9  for  waters  containing  extract 
of  peat,  and  1  :  1'8  for  sewage. 

But  Frank  land  has  found  tliat  oxidation  of  peaty  matter  decreases 
the  carbon,  wdiile  oxidation  of  sewage  decrea.ses  the  organic  nitrogen. 
^'  It  is  thus  evident  that  the  proportions  of  nitrogen  to  carbon  in  solu- 
ble vegetiible  and  animal  (organic  matters  vary  in  opposite  directions 
-during  oxidation — a  fact  which  renders  more  difficult  the  decision  as  to 
whether  the  organic  inatter  present  in  any  given  sample  of  water  is  of 
vegetable  or  animal  origin." 

Prof.  Nichols  quotes*  from  Sander:  "  Without  a  knowledge  of  the 
previous  history  of  the  water,  the  l-elative  proportion  (between  carbon 
4ind  nitrogen)  is  not  available  as  a  means  of  deciding  as  to  the  nature 
of  the  contamination ;  if,  however,  the  previous  historv  of  a  water  is 
known,  there  is  scarcely  need  of  so  particular  an  analysis  in  order  t<> 
judge  of  its  character."  t 

It  has  been  shown  that  in  the  case  of  very  pure  waters  the  experi- 
mental error  may  often  be  greater  than  the  total  amount  of  organic 
material  to  be  estimated,  and  that  in  the  case  of  waters  containing 
readily  decomposable  nitrogenous  organic  matter,  together  with  a  larije 
excess  of  nitrates,  the  accuracy  of  the  results  may  be  more  or  less  viti- 
ated by  the  efforts  to  get  rid  of  the  latter.  Mr.  Wigner  Siiys  that 
''supposing  that  the  organic;  nitrogen  yielded  by  the  Frankland  and 
Armstrong  process  were  a  positive  quantity  instead  of  a  quantitv  neetl- 
ing  a  lieavy  correction  for  personal  equation  and  for  impurities  in  the 
chemicals  used,  yet  the  danger  of  error  involved  in  the  analvsis,  and 
the  risk  of  contamination  by  atmospheric  in.ipurities,  are  in  my  opinion 
sufficient  to  prevent  it  from  ever  coming  into  general  use ;  and  unless 
generally  used  it  is  undesirable  for  re[)orts  which  appeal  to  public 
sense  and  public  understanding."  ;J; 


*  Prof.  Nichols'  p:ij)cr  in  Buck's  II]i<]inu\  vol.  1,  p:i<;c  308. 
t  "  Huiulbucli  dor  (Vfieiitliclicn  ( JesiiiHllicitspHcge,"  p.  2;i0. 
X  Sanitanj  Record,  Oct.  19,  1S77. 
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Wanklyn's  method  is  also  imsatisfactoiy  and  unphilosophical  as  a 
scientific  quantitative  method,  because  it  assumes  that  most  of  the 
organic  material  usually  found  in  drinking  water  is  in  its  general  char- 
racter  similar  to  animal  and  vegetable  albumin.  This  is  an  assump- 
tion which  no  one  has  yet  proved  to  be  correct,  and  it  is  difficult  to 
perceive  how  it  can  be  proved  until  we  know  definitely  what  these 
specific  materials  are,  which  it  is  impossible  to  determine  in 
the  present  state  of  our  knowledge.  Wanklyn  found  that  pure  albu- 
min yielded  by  this  metliod  about  two-thirds  of  its  total  nitrogen 
as  ammonia,  and  that  this  proportion  was  quite  constant.  That  this 
is  also  true  of  organic  matter  in  water  cannot  at  present  be  proved. 
He  proposed  at  first  to  calculate  the  total  organic  matter  as  ten  times 
the  albuminoid  ammonia,  but  this,  he  has  since,  evidently,  and  it  should 
be  said  rightly,  rejected  as  both  unscientific,  and  really  not  necessary 
for  the  practical  judgment  of  the  sanitary  character  of  water  by  his 
method. 

Those  who  are  familiar  with  the  most  recent  sanitary  experience 
realize  that  it  is  the  quality  rather  than  the  absolute  quantity  of  organic 
matter  that  is  the  most  important  factor  in  the  sanitary  judgment  of  a 
drinking  water.  A  water  which  contains  a  large  amount  of  one  kind 
of  organic  substance  may  be  much  more  wholesome,  or  far  less 
unwholesome,  than  that  which  contains  only  a  small  amount  of 
another  kind.  It  is  a  matter  of  actual  experience  that  a  water,  not- 
withstanding it  contains  a  large  amount  of  nitrogenous  organic  matter 
capable  of  yielding  albuminoid  ammonia,  may  be  found  to  be  ]>racti- 
cally  wholesome,  or  at  least  may  be  drunk  for  a  long  period  without 
apparently  producing  any  injurious  effects ;  while,  on  tlie  other  hand, 
a  water  which  contains  even  a  minimum  of  organic  substance  capable 
of  yielding  albuminoid  ammonia  may  nevertheless  contain  or  develop 
the  materies  morbi  or  unknown  causal  "something,"  of  a  specific 
disease. 

While  Wanklyn's  ammonia  method  is  certainly  of  very  easy  and 
expeditious  performance,  yet  great  caution  is  necessary  in  the  forma- 
tion of  an  opinion  from  the  analytical  results ;  and  thus  it  may  fre- 
quently happen  that  serious  mistakes  may  be  made  through  hasty  con- 
clusions from  insufficient  data.  It  is  said  very  truly  that  a  really  ver}^ 
bad  water  will  rarely,  if  ever,  escape  condemnation,  and  an  exceedingly 
pure  water  will  undoubtedly  be  shown  to  be  pure,  so  far  as  this  is  pos- 
sible by  any  chemical  investigation.     But  by  far  the  larger  number  of 
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well  waters  more  especially  lie  between  tliase  extremes,  and  must  take 
their  place  under  the  head  of  Douhtful  Purity,  and  it  is  in  tiie  jmlg- 
raent  of  the  latter  that  the  analyst  is  liable  to  error,  even  to  the  extent 
of  rendering  an  opinion  diametrically  the  opposite  of  that  of  another 
chemist. 

One  of  the  precautions  necessary  to  be  taken  in  these,  and  in  fact  in 
all  cases,  is  to  avoid  placing  any  strict  reliance,  for  purpo.ses  of  judg- 
ment, on  the  standards  of  purity  which  have  been  publishe<l  in  the 
treatise  on  Water  Analysis  by  Wanklyn,  and  quoted  in  a  number  of 
recent  works  on  Hygiene.  It  is  impossible  to  lay  down  exact  stand- 
ards, or  rules  for  judgment,  which  will  hold  good  for  all  countries  and 
all  localities  in  any  one  country.  Such  "standards  "  are,  as  Professor 
Nichols  observes,  only  of  relative  value,  and  different  kinds  of  water 
cannot  be  judged  by  the  same  standard.* 

We  must,  first  of  all,  discover,  by  numerous  and  carefully  selected 
analyses,  what  are  the  chemical  characteristics  of  good  wholesome 
water  in  any  given  locality.  These  data  then  form  a  stiindard  of 
purity  for  all  waters  of  one  kind  within  that  particular  district.  A 
general  knowledge  of  the  geological  and  mineralogical  character  (►f  the 
soil  and  rock  of  that  region  is  an  important  factor  in  such  a  standard. 
A  knowledge  of  the  chemical  character  of  the  ground-water  of  the 
district,  entirely  free  from  any  artificial  conditions,  such  as  polluted 
soil,  is  necessary  for  judgment  of  the  well  waters  of  the  same  district. 

As  rejiards  different  kinds  of  waters  we  must  distinguish  between 

I.  Ground  waters,  which  include  shallow  well  waters. 

II.  Deep  well  waters,  including  artesian  wells. 

III.  Surface  waters,  such  as  rivers,  streams,  lakes  antl  ponds. 
These  three  classes  have  essentially  different  characteristics,  and  one 

should  not  be  compared  with  another  without  making  proper  allow- 
ances for  these  differences.  It  is  thus  incorrect  to  compare  well  waters 
near  Philadelphia  directly  with  the  water  of  the  Schuylkill  river,  as 
is  sometimes  done. 

Upon  reflection  it  will  be  readily  undeistood  that  well  waters  are 
not  commonly  subj«x;ted  to  the  oxidixing  influences  to  which  river 
waters  are  so  freely  exposed,  such  as  direct  sunshine,  air  in  motion 
over  the  surface,  and  aeration  due  to  falls  and  currents  in  the  river. 
Some  mineral  salts  from  factory  refuse,  from   coal    mines,  etc.,  have 

*  Prof.  W.  R.  Nichols'  paper  on  "  Drinking  Water  anil  Public  Water  Supplies,"  in 
Dr.  Buck's  Hygiene,  vol.  1,  page  303. 
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possibly  a  modifying  influence  which  is  absent  in  the  case  of  wells. 
Now  there  is  a  general  feeling,  among  the  medical  profession  and  sani- 
tarians, that  organic  matter  which  is  more  liable  to  rapid  decomposi- 
tion is/  more  dangerous  to  health  than  more  stable  organic  substances. 
In  river  waters  there  are  greater  chances  for  this  decom])osition  to 
have  been  completed,  leaving  such  substances  as  may  be  of  the  latter 
class  in  much  greater  proportion. 

Hence  a  larger  amount  of  organic  matter  will  be  allowable  in  river 
water  in  the  condition  used  for  drinking  than  in  well  waters,  provided 
that  the  supply  is  taken  at  a  sufficient  distance  from  the  places  where 
polluting  material  enters  the  stream. 

Another  point  of  importance  in  forming  an  opinion  on  the  whole- 
someness  of  a  surface  water  is  the  natural  character  of  its  source.  A 
river  water  which  originates  in  peat  bogs,  or  the  tributary  streams  of 
which  pass  through  a  peaty  district,  will  contain  extract  of  peat  in 
solution  throughout  its  whole  course.  These  waters  certainly  should 
not  be  compared,  without  qualification,  with  river  waters  which  do 
not  come  in  contact  with  peat,  but  nevertheless  yield  on  analysis  an 
equivalent  amount  of  albuminoid  ammonia  derived  from  sewage  con- 
tamination. 

Thus,  for  instance,  the  water  of  Lake  Cochituate,  one  of  the  sources 
of  supply  for  Boston,  probably  contains  considerable  extract  of  peat, 
or  other  "  vegetable  extractive  matter,"  which  is,  so  far  as  we  know, 
perfectly  harmless  in  drinking  water.  So,  also,  is  this  the  case,  I 
believe,  with  the  water  of  Jamaica  Pond,  which  also  supplies  a  part  of 
Boston.  Now,  the  Schuylkill  river  water  supplied  to  Germantown, 
and  taken  from  the  river  at  Flat  Rock  dam,  pumped  at  the 
Roxborough  Water  Works  of  Philadelphia,  gave,  according  to  my 
own  analysis,  during  the  winter  and  summer  of  1878,  almost  exactly 
the  same  results  as  Professor  Nichols'  analysis  of  the  Cochituate  and 
Jamaica  Pond  waters  in  1873  and  1875,  respectively,  and  with  the 
same  degree  of  variation  at  different  times.  But,  while  the  analytical 
results  are  the  same  in  both  cases,  a  comparison  of  the  general  charac- 
ters and  sources  of  these  waters  convinces  me  that  we  cannot  call  the 
Germantown  supply  nearly  so  pure  from  objectionable  organic  matter 
as  the  Boston  water.  I  think  we  may  safely  say  that  the  Schuylkill 
contains  no  extract  of  peat,  and  the  albuminoid  ammonia  undoubtedly 
comes  from  material  which  is  far  more  objectionable.  At  times,  also, 
since   1878,  this  albuminoid  ammonia  is  as  much  as  one-half  greater 
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tlian  the  largest  amount  from  tlie  Cochituate  water  in  1873,  as  supplied  at 
the  Massachusetts  Institute  of  Teclinology,  and  nearly  twice  as  great  as 
the  average  amount  of  the  latter.  At  such  times  the  water  has  a 
])erccptil)ly  disagreeable  taste  and  a  slight  odor,  and  this  occui-s  usually 
when  the  water  in  the  river  is  very  low  from  drought. 

in  general,  it  may  be  said  to  be  very  necessary  to  know  the  exact 
.source  of  any  water  submitted  for  analysis,  the  physiograpliical  and 
geological  characteristics  of  the  locality  from  which  it  comes,  and  the 
location  of  any  sources  of  pollution,  such  as  cesspools,  privies,  drains 
or  sewers  near  the  place  of  water  supply.  Whatever  method  of  ana- 
lysis is  used,  or  in  whatever  way  performed,  the  necessity  of  a  knowl- 
edge of  the  previous  history  of  the  water  is  not  diminished.  Even 
with  this  knowledge,  as  is  stated  by  Prof.  Xichols,  cases  may  arise  in 
which  an  experienced  chemist  will  be  unable  to  give  a  decided 
opinion. 

When  the  river  water  is  pumped  up  into  distriV)uting  reservoirs,  the 
water  from  near  the  surface,  and  at  the  bottom  of  these  reservoirs 
should  be  submitted  to  analysis,  so  as  to  locate  more  accurately  any 
trouble  which  may  exist. 

Furthermore,  attention  should  be  especially  called  to  the  tact  previ- 
ously referred  to  in  this  paper,  that  it  is  probably  not  so  much  a  ques- 
tion as  to  how  much  organic  matter,  per  se,  may  be  consumed  without 
<langer  in  our  drinking  water.  This  point  does  enter,  it  is  true, 
into  the  consideration.  But  it  is  mainly  a  question  as  to  whether  there 
is  any  danger  of  the  water  i^eing  contaminated  with  fiecal  discharges 
from  human  beings  suffering  from  infectious  disease.  It  has  been 
found  that  water  containing  m  large  a  proportion  of  organic  matter  as 
to  be  called  "loaded"  with  it  may  be  drunk  with  imj)unity  by  some 
persons  or,  at  least,  without  any  disastrous  result  being  apparent  for  a 
long  time;  providetl  it  does  not  also  contain  the  "  contagium"  or  un- 
known "something,"  whatever  it  may  be,  which  will  of  itself  develop 
specific  disease.  As  soon  as  this  "something"  appears  to  be  added  by 
a  previously  diseased  person  an  epidemic  of  this  disease  breaks  out 
among  those  who  consumed  the  water  and  who,  until  this  time, 
remained  apparently  healthy. 

Inasmuch  as  we  have  no  means  whatever  of  discovering  the  pres- 
ence of  this  "contagium"  because  we  know  nothing  of  its  character, 
any   contiiminatiou  with  sewage    is  dangerous    in    proportion    to    its 
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amount,  and  to  the  nearness  of  the  poUiition  in  time  and  place.  Some 
authorities  in  Holland  were  once  asked  how  much  organic  matter  was 
allowable  in  drinking  water  without  danger,  to  which  they  replied 
that  drinking  water  should  be,  like  Caesar's  wife,  above  suspicion.  It 
may  be  laid  down  as  a  positive  rule  that  a  suspicious  water  is  always 
a  dangerous  water. 

The  extent  of  dilution  of  the  sewage  in  a  river  with  a  large  body 
of  moving  water  of  good  quality  is  undoubtedly  an  important  factor,, 
but  this  may  be  entirely  counterbalanced  by  the  fact  of  the  water 
supply  being  taken  wevy  near  a  large  sewer. 

Upon  these  considerations  lies  the  importance  of  the  estimation  of  the 
nitrates  and  nitrites  in  a  drinking  water.  These  salts  are  among  the 
results  of  the  decomposition  of  organic  nitrogenous  matter,  and  are 
hence  an  evidence  of  what  was  either  previously  contained  in  the  water, 
or  which  became  oxidized  by  filtration  through  soil  or  by  other  means  of 
decomposition  before  it  reached  the  water.  The  greater  the  amount  of 
nitrates  above  the  natural  limit,  the  larger  the  amount  of  organic  mate- 
rial which  has  hitherto  undergone  oxidation,  and  hence  the  greater  the 
danger,  in  the  case  of  wells,  of  the  soil  becoming  saturated  and  clogged 
with  organic  substance  until  a  part  of  it  will  escape  filtration  and  pass 
unchanged  into  the  water.  Moreover,  this  part,  which  has  escaped 
oxidation,  may  contain,  for  ought  we  know,  the  poison  of  a  specific- 
disease.  Hence,  it  is  important  in  order  to  form  a  correct  opinion  of 
the  sanitary  character  of  a  well  water,  never  to  omit  the  proper  tests 
for  nitrates  and  nitrites,  unless  all  the  other  quantitative  tests  concur  in 
pronouncing  the  water  pure.  If  any  one  of  these  gives  a  doubtful 
answer,  the  nitrates  should  always  be  tested  for,  and  if  more  than 
traces  are  present,  it  will  be  best  to  make  a  quantitative  estimation  of 
them.  It  is  true  that  nitrate  may,  probably,  also  result  from  reduction 
of  the  true  ammonia,  but  this  fact  does  not  render  the  estimation  any 
the  less  important,  for  this  ammonia  itself,  under  ordinary  circumstances^ 
results  from  the  decomposition  of  the  organic  matter,  and  in  shallow 
wells  is  usually  regarded  as  evidence  of  pollution  with  urine. 

We  should  remember,  however,  that  deep  wells  may  furnish  a  very 
pure  water,  containing  very  little  organic  matter,  but  large  quantities^ 
of  free  ammonia,  chlorides,  and  nitrates,  all  present  in  the  same  sam- 
ple, which  are  derived  from  certain  kinds  of  soil,  such  as  the  sand 
beds  beneath  the  London  clay  and  about  250  feet  below  the  surface.* 

*  Dr.  Cornelius  B.  Fox.     "  Sanitary  Examinations,"  p.  140. 
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Mr.  Ekin*  considers  it  necessary  to  estimate  the  amount  of  nitrates  and 
nitrites  in  every  instance,  and  states  that  a  small  increase  in  their  amount 
should  materially  influence  the  judgment  to  be  given.  He  states  that 
he  has  been  forced  to  this  conclusion  by  facts  ascertained  in  the  course 
of  his  somewhat  wide  experience  in  the  analysis  of  about  2000  samples 
of  water,  many  of  which  were  directly  connected  with  cases  of  tyj)hoid 
fever. 

The  estimation  of  nitrates,  etc.,  in  a  river  water,  however,  has  mani- 
festly not  the  same  significance  which  it  possesses  in  the  case  of  well- 
waters,  on  account  of  the  superior  influences  effecting  oxidation  in  the 
former,  and  the  probable  absorption  of  nitrates  by  aquatic  plants.  As 
regards  nitrites,  it  is  stated  that  delicate  tests  have  not  revealed  their 
presence  in  the  Thames  river  water. 

In  partial  corroboration  of  the  opinions  of  Mr.  Ekin  and  Dr.  Fox, 
as  to  the  necessity  of  the  estimation  of  nitrates,  I  will  contribute  a  case 
in  my  own  experience.  I  refer  to  the  epidemic  of  typhoid  fever  in 
-Spring  alley,  or  Royal  street,  in  the  southernmost  part  of  Germantown, 
which  occurred  last  summer  during  the  last  week  of  July  and  first  of 
August.  There  were  upwards  of  forty  cases,  including  four  which 
proved  fatal ;  and  all,  except  one,  were  grouped  in  the  immediate 
neighborhood  of  a  well  situated  at  the  intersection  of  two  narrow 
streets.  This  well,  known  as  the  Spring  alley  well,  has  had  a  wide 
rei>utation  as  a  remarkably  strong  pure  spring  for,  it  is  said,  nearly  a 
century.  It  is  also  said  that  typhoid  fever  never  occurred  in  this 
locality  before  1880.  The  well  is  only  ten  feet  deep,  the  ground  slopes 
down  towards  it  from  three  sides,  and  a  l)riek  sewer  passes  within 
about  ten  feet  of  it,  at  about  the  same  depth  and  having  two  badly 
choked  up  inlets  directly  opposite  the  well.  An  overflow  drain  con- 
nected the  well  directly  with  the  sewer,  entering  the  latter  near  the  bot- 
tom at  a  short  distance  beyond  the  well.  On  the  5th  of  July  a  very 
heavy  rain  occurred,  Avhich  deluged  the  vicinity  of  the  well.  As  the 
sewer  has,  at  this  place,  scarcely  any  fall  it  must  have  become  suddenly 
clogged  up  with  filth,  and  backwater  must  have  occurred  through  the 
overflow  drain  directly  into  the  well,  polluting  it,  no  doubt,  to  a  very 
great  degree.  It  was  subsequently  found  by  Dr.  A.  F.  Midler,  of  Ger- 
mantown, that  a  case  of  typhoid  fever,  probably  imported  from  elsewhere, 
had  occurred  in  a  neighboring  house  about  six  weeks  before  the  heavy 

*"  Potable  Water.     How  to  fonu  a  Judgment  on  the  Suitableness  of  Water  for 
Drinking  Purposes  "     By  Clias.  Ekin,   F.C.S.     London  :  1880. 
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rain,  and  that  the  drain  from  this  house  connected  with  the  sewer  above 
the  well.  There  were  also  other  circumstances  probably  contributing  to 
the  pollution  of  this  well.  Another  well,  frightfully  foul,  but  in  no  waj 
connected  with  the  sewer,  being  on  higher  ground,  and  the  sewer  lying- 
between  the  two  wells,  increased,  no  doubt,  the  malignity  of  the  epi- 
demic. All  the  cases  of  fever  developed  at  nearly  the  same  time 
The  exceptional  one,  before  mentioned,  which  did  not  occur  close  to  the 
well,  but  at  a  house  two  blocks  distant,  was  a  child  in  a  family  Avho 
had  sent  to  the  first  mentioned  well  for  water,  shortly  after  the 
pollution  took  place.  All  the  people  of  the  locality,  and  especially 
all  those  who  had  the  fever,  had  used  the  Spring  alley  well,  some  of 
them  continued  to  do  so  after  the  fever  broke  out,  some  had  also 
used  the  water  of  the  other  well,  but  none  had  used  the  city  water 
from  the  Schuylkill  until  after  the  outbreak. 

The  chain  of  evidence  tlins  seems  unusually  strong  and  clear.  My 
analyses  of  this  well  water  were  made  during  the  prevalence  of  thfr 
epidemic  and  while  new  cases  were  developing.     They  are  as  follows  t 

I.  II.         III.  IV. 

Free  ammonia ~»  Parts  T,er  million  ^'^^^  ^'^^^  ^'^^^        ^'^^ 

Albuminoid  ammonia  r^^^^^P^^™^^"""'  0-116  0-080  0-090        0-140 

Chlorine 1  2-3  2-6  2-3  2-4 

Total  solids |  30-5  28-0 

^^iSllSS!;:^^!}  [  drains  per  imp.  gal.  _  1-94  —         2-45 

Nitrogen  as  nitrites)  ^^.^gg        ^.^32- 

onh' I  J 

The  samples  were  collected  in  the  order  of  the  numbers  respectively^ 
Aug.  10,  12,  13  and  21 ;  the  last  three  early  in  the  morning  and 
the  first  at  noon.  No.  II  was  taken  nine  hours  after  a  heavy  rainfall 
lasting  1 J  hours.  No.  IV  was  collected  half  an  hour  after  a  short  but 
heavy  shower.  The  water,  nevertheless,  remained  quite  clear.  All 
the  samples  'were  bright  and  colorless,  with  no  odor,  and  having  a. 
refreshing  taste.     The  water  was  quite  hard. 

In  order  to  judge  properly  of  these  analyses,  I  give,  for  the  sake  of 
comparison,  analyses  of  a  hard  and  of  a  soft  water  which  are  typical  of 
the  purest  well  waters  in  Germantown  and  perfectly  free  from  con- 
tamination : 

Free  NH^.       Albuminoid',  ZSTH,.        Chlorine.  Solids. 

Hard  water,    .         .     O'OIO  0-050  2-2  34-0 

Soft  water,  .         0-014  0-034  0-7  6-0 

The  hardness  in  Germantown  waters  is  due  chiefly  to  sulphates.    It 

will  be  noticed  that  the  chlorine  in   the  Spring  alley  well  water  was 
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not  greater  than  is  usiuil  in  i)ure  liard  waters  here.  Wiiat  i.s  still  more 
remarkable  is,  that  the  other  well  in  Spring  alley  contained  not  a  par- 
ticle more  chlorine,  notwithstanding  that  enormous  amounts  of  free 
ammonia  (from  2*7  to  5-2  ])art<  per  juillion)  were  present,  with  large 
excess  of  albuminoid  ammonia,  and  large  amounts  of  nitrates  and  con- 
siderable nitrite.  In  these  two  ca.'^es,  therefore,  freedom  from  e.rcess  of 
cidorine  did  not  prove  freedom  from  contamination  by  sewage,  according 
to  the  rule  usually  stated.  Three  privies  stood  close  to  the  second  well, 
hence  the  chlorine  test  was  of  no  value  at  all  in  this  latter  ca.se.  It 
may  be  added  that  the  test  was  repeatedly  made  with  the  same  result  • 
The  following  well  waters  of  Germantown,  which  I  analyzetl  in 
1878,  are  examples  of  what  we  may  find  in  wells  in  highly  dangerous 
situations,  which  tend  to  confirm  Mr.  Ekin's  statement,  that  dangt-ruus 
wells  may  contain  a  small  amount  of  organic  matter  along  with  nm- 
siderable  nitrate,  and  that  in  such  cases  the  opinion  to  be  rendered  will 
depend  very  much  on  the  presence  of  the  latter : 

I. 

Free  ammonia Parts  \wv  million,       0'04(t 

All)iimin()i(l  ammonia,        "  *'  0'046 

Chlorine Grains  pt-r  imp.  gal.,  3*2 

Nitrate.s considerable,  consideralde.  large  am't. 

Nitrites traces.  

Hardness  in  all  these  waters,  about  12°,  due  to  sulphates  chiefiy. 
The  situation  of  the  wells  is  as  follows:  No.  I,  Mechanic  street  west 
of  Morton  street,  in  close  proximity  to  a  number  of  privies  which  are 
on  somewhat  lower  ground;  soil — loose,  micaceous  .sand.  Xo.  II, 
Haines  street,  near  M.  E.  Ciiurch  ;  pump  on  street  pavement,  expose«l 
to  infiltration  from  gutter,  etc.  No.  Ill,  Haines  .street  Ciist  of  Han- 
cock street;  well  under  kitchen  j)orch.  The  owner  felt  anxious  alxmt 
it,  and  iisked  to  have  the  water  analyzed.  I  have  not  heard  of  any 
sickness  having  been  attributed  to  any  of  these  wells. 

The  chlorine  is  very  slightly  in  excess  of  the  amount  frccjneiitly 
found  in  pure  hard  watere  of  this  district,  and  it  would,  therefore,  by 
itself,  scarcely  be  considered  a  suspicious  circumstance. 

I  will  conclude  this  paper  with  the  analysis  by  Prof.  Nichols  itt"  a 
well  water  in  Fairhaven,  Massachusetts,  published  in  the  Massachu- 
setts State  Board  of  Health  Report  for  1870,  which  will  be  interesting 
in  comparison  with  the  foregoing  analyses.  It  siiould  also  be  stated 
that  mv  analyses  have  shown   that   manv  other  wells  in  (rermantown 


II. 

III. 

0-022 

o-dlG 

((•().58 

U-OK(i 

3-2 

2-7 
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are  far  more  polluted  than  this   one,  particularly  those   in   crowded 

localities. 

Well  in  Fairhaven,  llassaehusetts. 

Free  ammonia,        .         .  .     0"01  parts  per  million. 

Albuminoid  ammonia,  .  0"13          "  " 

Chlorine,         ....     3'3  "         100,000. 

Total  solids,  .         .       20-3 

Nitrates,  .  •         .         .     Not  in  large  amount. 

The  privy  vault  was  one  hundred  fed  distant  from  the  well.  The 
soil  was  composed  of  gravel  and  loam.  On  the  7th  of  September  the 
husband  was  taken  quite  ill  with  typhoid  fever,  and  his  dejections 
passed  freely  into  the  privy  vault.  On  September  30,  and  during  the 
next  twelve  days,  his  wife  and  six  children  were  successively  taken 
with  typhoid  fever,  and  another  child  took  the  same  disease  a  few  days 
later.  Thus,  every  member  of  this  one  family  who  had  used  the 
water  of  the  well  were  ill  with  typhoid  fever.  The  water  was  proba- 
bly poisoned  by  the  excreta  of  the  husband,  and  the  usual  incubative 
period  intervened  before  the  disease  appeared  amongst  the  rest  of  the 
family.  The  chlorine  in  the  water  was  found  to  be  one  part  per  one 
hundred  thousand,  more  than  the  natural  amount  for  that  locality.  In 
order  to  compare  it  with  that  in  the  other  analyses  given  above,  raul- 
iply  bv  xV  ^^  reduce  to  grains  per  imperial  gallon.  The  date  of  the 
analysis  was  October  17,  within  a  day  or  two  of  the  development  of 
the  last  case  of  fever. 


A  Great  Storm. — M.  Rouger  has  communicated  to  the  French 
Academy  an  account  of  a  violent  storm  at  Laigle,  in  September  last. 
Between  9.30  and  11  P.M.  there  were  at  least  4700  flashes  of  light- 
ning; sometimes  there  were  as  many  as  three  flashes  per  second.  The 
rain  began  about  10*45  and  lasted  for  about  an  hour  and  a  half;  there 
was  no  hail.  The  thunder  was  almost  continuous,  like  a  kind  of  buz- 
zing, occasionally  interrupted  by  heavy  rollings.  On  one  of  the 
buildings  that  was  struck  there  was  a  zinc  conducting  pipe,  for  carry- 
ing oif  rain  water,  which  was  pierced  with  three  holes,  two  of  which 
were  square  and  the  third  round,  as  if  made  by  a  bullet.  They  all 
occurred  where  the  walls  of  the  pipe  were  doubled,  and  in  each 
instance  the  burr  was  inward  in  the  inner  pipe  and  outward  in  the 
outer  pipe. —  Comptes  Rendus.  C 
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THE  BASIC  DEPHOSPHORIZING  PROCESS;  WHAT  IT  IS 
AND  WHAT  MAY  BE  EXPECTED  FROM  IT. 


By  Jacob  Rekse. 

A  paper  read  Vjefore  the  Engineers'  Society  of  Western  Pennsylvania,  Dec.  21,  1880. 


A  sJag  is  said  to  ha  basi(!  when  it  is  composed  of  metallic  oxides; 
or,  ill  other  words,  when  the  base  of  the  slag  is  a  metal  the  slag  is  said 
to  be  basic.  Oxide  of  iron  and  oxide  of  calcium  are  true  ba.sic  oxides, 
and  form  highly  basic  slags. 

A  slag  is  said  to  be  acidulous  when  it  is  composed  of  a  mettalloid, 
such  as  silicon,  phosphorus  or  sulphur,  oxidized  to  silicic  acid,  })hos- 
phoric  acid,  or  sulphuric  acid,  and  these  acids  combine  with  a  base 
forming  silicates,  phosphates  or  sulphates.  When  these  compounds 
are  present  in  a  slag  in  a  large  degree  it  is  said  to  be  of  a  highly  acid 
character. 

When  a  metallic  process  is  conducted  in  the  presence  of  a  highly 
basic  slag  it  is  called  a  basic  process,  and  when  it  is  conducted  in  the 
presence  of  a  highly  acid  slag  it  is  called  an  acid  pnx^ess. 

The  process  by  which  the  ancient  Romans  and  Britons  made  their 
iron  is  known  as  the  Catalan  process.  It  was  conducted  in  an  open 
ohamber,  surrounded  on  all  sides  and  the  bottom  with  a  lining  of 
charcoal  dust.  The  fuel  was  used  in  this  metal  chamber  admixed  with 
the  iron  ore  and  metal.  The  slag  present  in  this  metal  chamber,  and 
produced  by  this  process,  was  principally  composed  of  oxide  of  iron; 
hence  the  Catalan  was  and  is  a  basic  process. 

The  blast  furnace  is  lined  with  stone  or  brick,  both  of  which  are 
liighly  acidulous,  and,  although  limestone  is  used  iis  a  flux,  owing  to 
the  silicious  character  of  the  ore  and  ash  of  fuel  the  slag  is  of  an  acid 
character,  as  will  be  seen  by  the  following  analysis: 

Silicic  acid,  .  .  .  .58 

Lime,  ....  23 

Alumina,  .  .  .  .8 

Magnesia,      ....  2 

Manganese,  .  .  .  .       - 

Oxide  of  iron,  ...  9 

Hence  the  blast  furnace  process  is  an  acid  process. 

*In  republishing  the  paper  of  Mr.  Reese  on  this  very  important  suhject,  this  jour- 
nal does  not  endorse  the  chemiatry  of  the  article. 
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Henry  Cort,  who  invented  the  puddling  process,  was  the  first  to 
separate  the  fuel  from  the  metal  chamber;  he  lined  his  metal  chamber 
with  sand  (silicic  acid);  the  slag  was  highly  acidulous,  and  Cort's- 
puddling  process  was  an  acid  process. 

Dr.  Roebuck,  the  inventor  of  the  refinery  fire,  lined  the  metal 
chamber  with  cast  iron  water  boshes.  The  fuel  was  admixed  with  the 
metal.  The  refinery  slag  was  highly  basic,  as  is  shown  by  the  follow- 
ing analysis: 

Oxide  of  iron,       ....  85'0 
Silicic  acid,  .  ,  .  14"0 

Alumina,  ....     0'5 

Magnesia,      .  .  .  .0*5 

Hence  the  refinery  process  was  a  basic  process. 

Samuel  Rodgers  improved  Cort's  puddling  process  by  putting  an 
iron  bottom  and  iron  plates  into  the  puddling  furnace  and  lining  the 
metal  chamber  with  oxide  of  iron  instead  of  sand.  The  following 
analysis  of  the  slag  shows  it  to  be  highly  basic : 

Oxide  of  iron,      ....  89-0 
Silicic  acid,    ....  9*0 

Alumina,  .  .  .        .  .     1"5 

Magnesia,      .  .  .  .  0*5 

Hence  Rodgers'  puddling  process  is  a  basic  process. 

The  Bessemer  process,  invented  by  Henry  Bessemer,  is  conducted 
in  a  converter  which  is  lined  with  ganister  (a  highly  silicious  sub- 
stance).    The  slag  produced  is  composed  of  the  following: 

Silicic  acid,  ....  44-30 

Lime,  ....  '65 

Protoxide  of  manganese,     .  .  .24*55 

Alumina,     ....  10-80 

Magnesia,  .  .  .  .        -25 

Oxide  of  iron,  .  .  .  19-45 

It  is  a  silicious  slag  because  there  is  not  sufficient  basic  material  to 

engage  all  the  silicic  acid  as  silicates.     And  the  Bessemer  process  is  an 

acid  process. 

In  the  open-hearth  process  the  metal  chamber  is  lined  with  sand. 
AVhen  metal  and  scrap  are  used  the  slag  is  highly  acidulous ;  and  the 
metal  and  scrap  open-hearth  process  is  an  acid  process. 

When  iron  ore  is  used  in  the  open-hearth  in  considerable  quantity 


Feb.,  1881.]  Basic  Dephosphorizing  Process.  139 

the  slag  is  neutral ;    and   the  ore  and  metal  open-hearth  process  may 
be  classed  with  the  basic  processes.     We  therefore  have  as 
Basic  Processes.  Acid  Proces.ses. 

Catalan,  Blast  furnace, 

Refinery,  Cort's  puddling, 

Rodgers'  puddling,  Bessemer, 

Open-hearth      )^  Open-hearth  1 

ore  and  metal,   j  metal  and  scrap,    j 

The  dephosphorizing  problem  may  be  summed  u})  in  these  words; 
The  phosphorus  must  be  oxidized  to  phosphoric  acid,  PjOr,,  in  the 
presence  of  a  basic  slag,  in  order  that  the  acid  so  formed  may  unite 
with  and  be  held  by  a  metallic  base  as  a  phosphate  of  lime,  or  a  phos- 
phate of  iron.  And  as  silicic  acid  decomposes  a  phosphate  of  lime  or 
a  phosphate  of  iron,  and  carbonic  acid  decomposes  a  phosphate  of  iron, 
the  slag  must  be  of  a  highly  basic  character  in  order  that  all  the 
silicic  acid  formed  by  the  oxidation  of  silicon  shall  combine  with  and 
be  engaged  in  the  slag  as  silicat(s.  And  in  order  to  avoid  the  reduc- 
tion of  the  phosphate  by  carbr)nic  acid  the  dephosphorization  must 
take  place  in  the  presence  of  a  highly  basic  slag,  and  in  the  absence  of 
carbonic  oxide. 

In  the  acid  processes  before  mentioned,  as  the  blast  furnace,  Cort's 
puddling,  Bessemer  converter  and  the  open-hearth  with  metal  and 
scrap,  the  silicic  acid  and  carbonic  oxide  reduce  the  phosphate  to  a 
phosphide ;  and  as  a  phosphide  has  a  greater  affinity  for  the  metal  than 
for  the  slag  the  phosphorus  is  returned  to  the  metal. 

In  the  blast  furnace,  however,  an  additional  reaction  tiikes  place 
under  the  following  conditions :  Carbonic  oxide  being  always  present 
at  the  zone  of  reduction,  where  the  ores  are  deoxidized,  the  phos- 
phorus accompanies  the  metal  as  a  phosphide  of  iron.  In  case  where 
the  slag  in  the  hearth  does  not  contain  over  40  per  cent,  of  silicic  acid, 
and  does  not  contain  60  per  cent,  of  basic  material,  the  silicic  acid 
being  held  as  silicates,  the  oxide  of  iron  contained  in  the  slag  in  the 
free  state  will  oxidize  a  })orti(»u  of  the  phosphorus,  which,  uniting  with 
oxide  of  iron  or  lime,  will  form  a  phosphate  of  iron  or  a  phosphate 
of  lime,  and  exist  in  the  slag  in  the  hearth  of  the  furnace  below  the 
zone  of  carbonic  oxide;  under  these  conditions  a  partial  dephos- 
phorization of  metal  takes  place  in  a  blast  furnace  working  on  black 
cinder.  The  degree  of  phosphorus  thus  taken  up  l)y  the  slag  will 
depend  upon  its  basic  character  and  its  ability  to  hold  the  i)hosphorus 
as  a  phosphate. 
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In  the  old  basic  processes — the  Catalan  process  and  the  refinery- 
process — the  fuel  being  admixed  with  the  metal,  carbonic  oxide  was 
always  present;  hence  the  phosphate  could  not  exist,  even  in  the  highly 
basic  slag,  and  dephosphorization  was  impossible.  In  the  basic  open- 
hearth  dephosphorization  takes  place  before  the  elimination  of  carbon 
commences,  if  the  jjhosphoritic  slag  is  removed,  and  also  after  the 
carbon  lias  been  consumed  and  carbonic  oxide  disappears. 

In  Rodgers'  basic  puddling  process  the  chemical  reactions  are 
■divided  into  three  periods :  first,  the  melting  period ;  second,  the  boil- 
ing period;  third,  the  solidifying  period. 

During  the  first  period  the  metal  is  melted  and  the  oxide  of  iron  is 
admixed  and  melted.  The  chemical  reactions  which  occur  in  this 
period  are  the  oxidation  of  phosphorus  and  of  silicon,  and  their 
removal  from  the  metal  to  the  slag.  As  there  is  no  gas  evolved  from 
the  oxidation  of  these  elements  the  metal  remains  in  a  state  of  rest, 
except  so  far  as  agitated  by  the  puddler's  tools.  If  the  slag  be  tapped 
oflP  just  before  the  close  of  this  period  it  will  be  found  to  contain  from 
70  to  80  per  cent,  of  the  phosphorus  previously  contained  in  the  pig 
metal.  But  if  the  slag  remain  with  the  metal  until  the  silicon  is 
reduced  down  to  '02  the  second  period  commences,  the  carbon  is 
oxidized  to  carbonic  oxide,  which,  passing  upward  through  the  slag, 
attacks  the  phosphate  and  reduces  it  to  a  phosphide,  and,  as  a  conse- 
quence, all  the  phosphorus  removed  from  the  metal  during  the  first 
period  (and  permitted  to  remain  in  the  slag)  is  returned  to  the  metal 
during  the  second  period.  As  the  chemical  reaction  during  the  second 
period  is  the  oxidation  of  carbon  to  carbonic  oxide  (CO)  ebullition 
takes  place,  and  the  metal  boils.  When  the  carbon  has  been  reduced 
■down  to  '08  the  ebullition  ceases,  the  cinder  or  slag  "  drops"  and  the 
metal  solidifies,  and,  as  the  puddlers  term  it,  "is  brought  to  nature" 
during  the  fluid  period. 

During  the  first  part  of  the  third  period  the  damper  is  raised,  and 
the  metal  which  extends  above  the  slag  is  exposed  to  an  oxidizing 
flame.  The  phosphorus  is  either  sweated  out  of  the  metal  by  liqui- 
dation or  is  oxidized  by  the  fluid  cinder,  in  either  case,  it  being 
oxidized  to  P2O5,  it  again  enters  the  slag  as  a  phosphate  of  iron 
(jFeO.PjOg).  There  being  no  free  silicic  acid  or  carbonic  oxide  in  the 
slag  during  this  third  period  the  phosphorus  remains  in  the  slag  until 
the  metal  is  withdrawn;  hence  Rodgers'  puddling  process,  when 
properly  conducted,  is  a  true  basic  dephosphorizing  process,  being  con- 
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ducted  in  the  presence  of  a  highly  ba.sic  slag,  and  in  the  absence  of 
CO,  or  free  silicic  acid. 

As  pho.sphoriLS,  silicon  and  carbon  tend  to  reduce  the  fusion  point 
of  iron  in  degree  to  the  amount  of  these  elements  which  the  metal 
contains,  it  follows  that  the  fusion  point  of  iron  is  greatly  raised  by 
the  diminution  of  these  elements,  and  this  is  the  reason  that  the  iroa 
solidifi&s  during  the  third  period  of  the  puddling  process. 

In  the  Bessemer  and  open-hearth  processes  the  temperature  is  kept 
hisrh  enoucjh  to  hold  the  metal  in  a  fluid  condition  after  the  elimination 
of  phosphorus,  silicon  and  carbon,  but,  at  the  high  temperature 
required,  Rodgers'  basic  lining  (oxide  of  iron)  is  fused  also,  and  for 
this  reason  the  Bessemer  converter  and  the  open-hearth  have  hereto- 
fore been  lined  with  a  silicious  material. 

The  new  basic  dephosphorizing  procass,  by  which  iroii  and  steel 
may  be  desiliconized,  decarbonized  and  dephosphorized,  and  yet  be 
retained  in  a  fluid  state,  so  as  to  cast  it  into  ingots  of  iron  or  of  steel, 
is  conducted  in  a  metal  chamber  lined  with  lime,  which  is  a  basic 
material,  it  being  the  oxide  of  the  metal  calcium.  By  means  of  a 
lime  lining  the  required  temperature  to  keep  the  metal  fluid  may  be 
employed  with  but  little  waste  of  the  lining,  and  when  the  lining  does 
waste,  it  being  of  a  highly  basic  character,  it  tends  to  form  a  highly 
basic  slag. 

When  the  Bessemer  converter  is  furnished  with  a  lime  lining,  an<l 
the  metal  is  blown  in  the  presence  of  a  highly  basic  slag  until  the 
silicon  is  oxidized  to  silicic  acid,  and  this  acid  unites  with  bases  forming 
silicates,  and  the  blow  is  continued  until  the  carbonic  oxide  disappears, 
and  the  metal  is  further  blown  in  tlie  presence  of  a  highly  basic  slag, 
and  in  the  absence  of  free  silicic  acid  and  carbonic  oxide,  the  phosphorus 
is  rapidly  oxidized  to  P2O5,  which  enters  the  slag,  and,  uniting  with 
oxide  of  iron,  remains  there  as  a  phosphate  of  iron  (^FeO.PjO-),  and 
the  silicon,  carbon  and  phosphorus  are  entirely  eliminated  from  the 
metal.  When  the  slag  is  of  a  highly  calcareous  basic  character  the 
phosphate  of  iron  mav  be  decomposed  and  a  phosphate  of  lime  formed 

(CaO.PA). 

When  the  phosphorus  exists  in  the  slag  as  a  phosphate  of  iron,  if 
carbonic  oxide  be  present,  it  will  rob  the  phosphate  of  its  oxygen, 
forming  carbonic  acid,  and  the  inm  and  phosj)horus  unite  as  a  phos- 
phide of  iron  and  return  to  the  metal.  But  when  the  phosphorus 
exists  in  the  slag  as  a  phosphate  of  lime  carbonic  oxide  will  not  reduce 
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it.  If,  however,  silicic  acid  is  present  in  a  free  state  it  will  rob  the 
phosphate  of  its  base,  forming  a  silicate  of  lime,  and  the  carbonic 
oxide  will  rob  the  acid  of  its  oxygen,  and  the  phosphorus  be  returned 
to  the  metal. 

In  the  practice  of  the  basic  dephosphorizing  process  in  the  Bessemer 
converter  the  silicon,  carbon  and  phosphorus  are  entirely  removed,  and 
the  metal  is  very  nearly  pure  iron.  If  a  small  quantity  of  ferro- 
manganese  or  ferro-silicide  is  then  added  to  partly  reduce  the  oxygen, 
and  the  metal  is  cast  into  ingots  and  rolled,  it  will  be  found  to  possess 
a  highly  fibrous  character,  much  superior  to  fibrous  wrought  iron 
made  by  the  puddling  process.  And  if  sufficient  ferro-manganese  or 
ferro-silicide  is  added  to  thoroughly  deoxidize  the  metal,  when  rolled? 
it  will  be  found  to  possess  a  fine  crystalline  texture.  In  both  these 
cases  the  ingot  iron  so  made  will  be  very  ductile.  When  ingot  steel 
is  desired,  the  metal,  when  desiliconized,  decarbonized  and  dephos- 
phorized, should  be  removed  from  the  slag,  and  then  deoxidized  and 
recarbonized  in  the  usual  manner. 

When  an  open-hearth  is  furnislied  with  a  lime  lining,  and  the  metal 
is  held  at  a  high  temperature  in  the  presence  of  a  highly  basic  bath 
until  the  silicon  and  carbon  are  eliminated  and  the  silicic  acid  is 
engaged  as  silicates,  and  carbonic  oxide  disappears,  and  the  slag  is  still 
sufficiently  basic,  the  phosphorus  is  rapidly  eliminated  and  remains  in 
the  slag  as  a  phosphate  of  iron,  the  metal  may  then  be  treated  with 

ferro-manganese  or  spiegel  for  deoxidizing  and  recarbureting  it. 

In  both  the  Bessemer  and  the  open-hearth  practice  it  is  desirable 
that  the  metal  should  be  removed  from  the  presence  of  the  phos- 
phoritic  slag  before  the  ferro-manganese  or  spiegel  is  added,  as  the 
chemical  reactions,  which  take  place  when  these  elements  are  added, 
tend  to  carry  a  portion  of  the  phosphorus  from  the  slag  back  into  the 
metal. 

The  quantity  of  slag  required  will  depend  on  its  degree  of  basic 
purity  and  on  the  amount  of  silicon  and  phosphorus  to  be  eliminated, 
the  essential  requirement  being  that  the  slag  shall  possess  sufficient 
basic  material  to  engage  all  the  silicic  acid  as  silicates,  and  all  the  phos- 
phoric acid  as  phosphates.  To  secure  these  requirements  in  excess,  the 
weight  of  the  slag  will  range  from  25  to  30  per  cent,  of  the  weight  of 
the  metal. 

In  the  economy  of  the  new  basic  dephosphorizing  process  it  is 
desirable  to  produce  metal  for  this  process  containing  as  little  silicon 
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as  practicable,  so  as  to  prevent  the  appearance  of  silicic  acid  in  the  slag 
as  far  as  possible.  And  as  the  reduction  of  silicon  is  a  re<luction  of 
the  source  of  he  at,  it  is  desirable  to  increase  the  j)ercentage  of  phos- 
phorus in  the  metal  in  proportion  to  the  heat  units  withdrawn  by  the 
reduction  of  silicon.  Therefore  the  most  desirable  metal  for  the  new 
basic  dei)hosj)horizing  process  is  that  which  is  low  in  silicon,  and  con- 
taining from  2  to  3  j)er  cent,  of  phosphorus. 

When  metal,  containing  2  per  cent,  of  phos]>horus,  is  treated  in  a 
lime-lined  converter,  and  in  the  presence  of  25  ]>er  rent,  of  a  highly 
calcareous  basic  slag,  the  slag,  when  withdrawn,  will  be  found  to  con- 
tain 18'32  per  cent,  of  phosphoric  acid  to  weight  of  slag,  or  4*58  per 
cent,  of  weight  of  the  metal. 

In  order  to  obtain  a  metal  from  any  class  of  ores,  suitable  for  the 
new  basic  dephosphorizing  process,  containing  a  minimum  of  2  })er 
cent,  of  phosphorus,  and  to  economize  the  cost  of  the  basic  calcareous 
.slag,  it  is  proposed  to  use  this  calcareous  phosphoritic  slag  as  a  flux  in 
the  blast  furnace  in  place  of  so  much  limestone.  AVhen  this  slatr,  con- 
taining 18*32  per  cent,  of  phosphoric  acid,  is  used  in  a  blast  furnace 
in  proportion  to  \  ton  of  slag  to  1  ton  of  metal  produced  the  phos- 
phate is  reduced  by  the  carbonic  oxide  and  silicic  acid  to  a  phosphide, 
and  the  metal  produced  will  contain  2  per  cent,  more  phosphorus 
than  was  obtained  from  the  ores  from  which  the  metal  was  smelted. 

Thus  the  phosphorus,  which  is  util  ized  by  oxidation  for  the  develop- 
ment of  caloric  essential  to  keejt  the  metal  in  a  highly  fluid  condition 
in  the  basic  converter,  is  ag-ain  utilized  bv  its  reduction  in  the  blast 
furnace,  securing  economy  and  an  absolute  control  of  the  production 
of  a  minimum  of  2  per  cent,  of  phosphorus  in  the  metal  made  from 
any  class  of  iron  ores,  which  is  desiral)le,  as  it  is  more  convenient  and 
practicable  to  eliminate  2  per  cent,  of  phosphorus  from  the  metal  by 
the  basic  process  than  it  is  to  dephosphorize  a  metal  containing  but  -^ 
of  that  amount  of  phosphorus  and  2  per  cent,  of  silicon. 

The  essential  requirements  of  dephosphorization  having  been  deter- 
mined as  set  forth,  /.  e.,  the  oxidation  of  phosphorus  in  the  presence  of 
a  highly  basic  slag  and  in  the  absence  of  free  silicic  acid  and  carbonic 
oxide,  it  is  proposed  to  dephosphorize  molten  metal  flowing  from  a  blast 
furnace  by  treating  it  at  a  low  teraj>erature  in  the  presence  of  a  highly 
])asic  slag,  and  withdrawing  the  metal  from  the  slag  after  it  is  dephos- 
phorized and  before  the  oxidation  of  the  C"arbon  takes  place,  and  run- 
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ning  the  oxidized  metal  into  pigs,  or  taking  the  metal  and  treating  it 
in  the  acid  Bessemer  converter,  or  in  an  acid-lined  open-hearth. 

It  is  also  proposed  to  dephosphorize  molten  metal  direct  from  the 
blast  furnace  as  before  described,  then  to  run  it,  minus  the  slag,  into- 
an  open-hearth,  and  there  desiliconize  it  down  to  "025,  and  then  to- 
withdraw  the  dephosphorized  metal  and  run  it  into  pigs.  Such  a 
metal  would  be  low  in  phosphorus,  high  in  carbon  and  practically  free 
from  silicon,  and  would  be  a  superior  chilling  iron  for  the  production 
of  chill  rolls,  car-wheels,  and  most  excellent  for  gun  metal  and  malle- 
able castings,  and  all  foundry  purposes. 

It  is  also  proposed  to  desiliconize  and  decarbonize  metal  in  the  acid 
Bessemer  converter,  and  then  run  it  minus  the  silicious  slag  into  a 
basic-lined  converter  or  open-hearth  and  there  dephosphorize  and  refine 
it,  and  then  run  the  metal  minus  the  phosphoritic  slag  into  a  ladle  and 
deoxygenize  and  recarbonize  it  in  the  usual  manner,  and  cast  it  into- 
ingots. 

Having  explained  the  distinguishing  characteristic?  of  the  old  pro- 
cesses and  the  essential  requisites  to  dephosphorization  posses.sed  by  the 
new  basic  process,  I  will  now  venture  a  few  predictions  as  to  "what  we 
may  expect  from  it." 

The  basic  dephosphorizing  process  will  eliminate  all  the  silicon, 
carbon,  manganese  and  phosphorus  contained  in  the  metal,  and  produce 
nearly  pure  wrought  iron. 

As  the  fibrous  character  of  wrought  iron  is  caused  by  oxide  of  iron 
being  inter-stratified  in  alternate  lamina  with  the  iron,  ani  as  the  mol- 
ten metal  in  the  basic  converter  will,  at  the  end  of  the  blow,  be  some- 
what oxidized  if  a  small  quantity  of  ferro-manganese  be  added  to  it, 
but  not  in  sufficient  quantity  to  reduce  all  of  the  oxygen,  the  ingot  iron 
produced  by  the  basic  dephosphorizing  process,  when  rolled  down,  will 
exhibit  a  highly  fibrous  texture  and  possess  in  a  superior  degree  the 
properties  of  ductility,  malleability  and  welding,  which  are  possessed 
by  the  best  Swedish  or  Norway  iron — therefore  the  importati<m  of  such 
irons  will  cease  when  the  basic  wrought  iron  is  put  upon  the  market,, 
as  the  latter  will  be  better  and  cheaper. 

As  pig  metal  designed  for  the  basic  dephosphorizing  process 
may  be  made  from  the  cheapest  class  of  ores,  smelted  in  a  blast  furnace 
in  which  a  hot  blast  of  the  highest  volume  and  temperature  is  employed, 
the  metal  will  be  of  the  cheapest  class  produced,  and  as  such  metal, 
whether  white,  mottled  or  gray,  can  be  put  into  fibrous  wrought  iron. 
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at  less  cost  by  the  new  basic  depliosphorizing  process,  than  it  is  now,  or 
can  be,  put  into  muck  bars  In'  tlie  j)ucklling  process.  We  may  expect 
that  tlie  history  of  the  puddling  process  will  be  closed  at  an  early  day. 

By  incorporating  with  the  basic  metal  just  sufficient  ferro-manganese 
to  thoroughly  deoxidize  it,  the  ingot  iron,  when  rolled  down,  will  pos- 
sess a  fine  crystalline  texture,  and  yet  be  tough  and  ductile.  Thus  it 
is  conceived  that  the  fluid  basic  dephosphorizing  process  will  not  only 
produce  a  superior  quality  of  steel  containing  any  degree  of  carbon, 
chemically  combined,  from  '00  to  2  per  cent.,  but  it  will  also  produce 
wrought  iron,  both  fil^rous  and  crystalline,  of  a  quality  superior  to  any 
produced  heretofore  by  any  other  process.  And  as  the  degree  of 
expansion  and  contraction  between  any  given  temperatures  will  be 
increased  in  proportion  to  the  amount  of  carbon  contained  in  a  metal^ 
and  as  the  fluid  basic  dephosphorizing  process  is  capable  of  producing 
ingot  iron  free  from  carbon  we  will  be  able  to  ])roduce  by  this  process 
a  superior  quality  of  wrought  iron,  possessing  all  the  essential  charac- 
teristics required  for  structural  purposes. 

Believing,  as  I  do,  that  graphitic  carbon  is  held  in  the  pores  of  the 
physical  structure,  and  that  the  portion  of  carbon,  which  is  said  to  be 
chemically  combined,  is  held  in  the  pores  of  the  chemical  structure, 
the  most  pure  iron,  having  its  pores  empty,  when  re-carbonized  will 
take  up  a  greater  amount  of  carbon  and  exhibit  greater  elasticity  and 
resilience  than  less  pure  iron  so  carburized.  Hence  we  may  expect  to 
prothu^e  by  the  basic  process  spriru/  steel  of  a  superior  quality. 

As  the  most  pure  iron  will  take  up  the  largest  amount  of  chemi- 
cally cond)ined  carbon,  or,  in  other  words,  will  accommodate  more  car- 
bon in  the  chemical  pores,  when  such  iron  is  highly  carburized,  the 
steel  will  be  harder,  and  the  texture  more  dense;  therefore  we  may 
expect  to  produce  moldboards,  landsides,  plow  points,  and  other  agri- 
cultural steels  of  superior  quality,  by  the  basic  dephosplu)rizing 
j)rocess. 

As  }>ure  iron  is  silver  white,  of  a  very  agreeable,  mild,  and  at 
the  same  time  brilliant  lustre,  steel  i)rodu(vd  from  sut'h  n\n\  will  pos- 
sess a  finer  texture  anil  be  capable  of  exhibiting  a  higher  polish  and  a 
more  beautiful  lustre  than  iron  or  steel  of  less  purity.  Hence  we  may 
expect  to  produce  steel  for  cutlery,  cutting  tools  and  other  polished 
work,  of  a  superior  quality,  by  the  basic  dephosphorizing  process. 

The  new  process  will  produce  rails  of  ingot  iron  or  of  any  degree 
of  ciirburization  desired,  and  1  believe  that  rails  containing  •(JO  t«»  'To 
Whole  No.  Vol.  CXI. — (Third  Series,  Vol.  l.xxxi.)  lU 


146  Electric  Attraction.  [Jour.  Frank.  Inbt., 

of  carbon,  made  by  tlie  basic  process,  will  1)6  stronger,  tougher  and 
wear  double  the  tonnage  of  rails  now  made  by  the  Bessemer  acid 
process. 

The  basic  process  will  produce  better  iron  for  tin  plate,  for  galvaniz- 
ing, for  stamping  and  drop  forgings  than  has  ever  been  produced  by 
any  other  process. 

It  is  proposed  to  produce  pure  iron  by  the  basic  process  and  then 
re-carburize  it  by  infusing  plumbago  into  the  metal,  and  thus  avoid  the 
reactions  which  take  place  in  re-carburizing  by  the  use  of  ferro-man- 
ganese  or  spiegel.  Basic  steel  may  be  produced  by  this  method  pos- 
sessing the  peculiar  characteristics  of  tool  steel. 

Pig  metal  for  the  basic  process  may  be  made  from  all  kinds  or 
qualities  of  iron  ore,  but  for  reasons  before  mentioned  it  is  desirable 
that  the  metal  produced  shall  be  low  in  silicon,  and  contain  not  less 
than  2  ])er  cent,  of  phosphorus.  Hence  by  the  utilization  of  phos- 
phoritic  ores  the  centre  of  greatest  production  of  iron  and  steel  may 
adjust  itself  to  tlie  economy  of  the  basic  process. 

In  the  economy  of  the  basic  process  the  blast  furnaces  and  the  con- 
verter, or  the  open-hearths,  will  be  located  near  each  other,  so  as  to 
save  fuel,  and  freight  on  the  phosphoritic  slag. 

The  metal  produced  by  the  basic  process  being  in  a  fluid  condition, 
may  be  cast  into  ingots  of  any  desirable  shape,  and  as  mechanical 
operations  will  be  employed  to  work  these  forms  in  large  masses  the 
old  rolling  mills  may  not  prove  economical. 

As  ingots  designed  for  plates  may  be  cast  of  any  desired  width,  and 
as  the  ingots  will  be  reduced  to  plates  principally  by  automatic  process 
of  rolling,  nail  plates,  tank  and  ship  plates  will  be  produced  at  less 
cost  than  such  are  now  produced  by  the  old  processes. 

In  conclusion,  I  believe  that  the  fluid  process,  /.  e.,  the  Bassemer 
and  open-hearth  with  the  basic  dephosphorizing  improvement,  will  in 
time  supersede  all  others  for  the  production  of  iron  and  steel,  and  will 
ultimatelv  enable  the  United  States  to  become  the  greatest  exporter  of 
iron  and  steel  in  the  world. 


Electric  Motor. — It  has  been  j)roi)Osed  to  build  dams  upon 
the  Seine,  so  as  to  create  a  water  power  which  could  be  transmitted,  by 
Siemens  or  Gramme  machines,  to  different  parts  of  Paris,  and  used 
for  drawing  vehicles. — Chron.  Industr.  C. 
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RIEHLE  BROTHERS'  IMPROVED  VERTICAL  TESTING 
MACHINE,  oO,000  POUNDS  CAPACITY. 


The  illustration  represents  one  of  Riehle  Brothers'  improved 
machines  for  testing  specimens  of  material,  u\)  to  50,000  pounds,  by 
tensile,  transvei-se  and  crushinii;  strains.  It  is  compact,  strong  and 
accurate,  and  well  adapted  for  the  purpose  it  is  designed  for.  The 
sliape  and  style  are  good,  the  various  parts  substantial  in  construc- 
.tion,  and  the  worknianshij)  unexcelled  throughout  the  whole  machine. 


It  is  composed  entirely  of  iron,  brass  and  steel,  and  \<eighs  about  one 
ton.  The  dimensions  are  as  follows:  Extreme  height,  8  feet;  extreme 
length,  7  feet;  extreme  width,  2  feet  G  inches;  motion  of  plunger  of 
jack,  8  inches.     This  apparatus    can  test  a  specimen  by  tensile  sti'aiu 
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from  4  or  Scinches  up  to  24  inclies  in  length;  transv^erse  specimen  up 
to  14  inclies,  and  by  the  application  of  a  superior  beam  to  still  greater 
length ;  crashing  specimens,  7  inches  in  diameter  and  less,  up  to  about 
20  inches.  This  is  a  wider  range  of  test  than  any  machine  of  corres- 
ponding ca]>acity  that  is  made.  In  testing  flat  specimens  of  metal  and 
other  material  with  wedge  grips  trauble  has  often  been  experienced  by 
the  specimen  slipping  on  or  near  one  edge,  caused  by  a  variation  in 
the  density  of  the  fibres  of  the  material ;  this  is  obviated  by  a  simple- 
device  conceived  by  one  of  the  member's  of  the  firm  of  Riehle  Bros., 
namely,  making  the  wedges  slightly  convex  in  form  on  their  face, 
which  at  once  causes  the  indentations  of  the  surfaces  of  the  wedge 
grips  to  fasten  on  to  the  test  specimen,  thus  at  once  rendering  the  pull 
direct,  however  much  the  tendency  may  be,  during  the  operation,  of 
the  specimen  yielding  to  a  tearing  break  caused  by  the  metal  naturally 
breaking  at  the  weakest  place,  if  such  should  exist  on  or  near  the  edge 
of  the  specimen. 

By  referring  to  the  engraving  it  will  be  observed  that  the  tools  which" 
hold  each  end  of  the  specimen  are  connected ;  tlie  lower  one  with 
the  power,  viz.,  the  hydraulic  jack  and  pump,  and  the  other  with  a 
system  of  multiplying  levers,  terminating  with  the  weighing  beam. 
The  specimens  being  placed  in  position,  the  power  exerted  by  the 
hydraulic  pump  is  communicated  through  the  specimen  and  the  system' 
of  levers  to  the  beam,  which  is  kept  in  equipoise  by  the  use  of  the  poises,. 
which  are  moved  out,  during  the  process  of  applying  increased  ]>ower, 
and  consequent  increased  strain  upon  specimen,  thus  securing  the  correct 
registering  upon  the  beam  of  the  strain  upon  the  specimen.  After  the 
test  the  plunger,  being  balanced  by  the  lever  and  weight  shown  in  the 
illustration,  returns  at  once  to  its  position  before  the  test  Avas  made 
and  is  ready  for  another  test.  In  a  screw  machine,  the  returning  of  the 
tools  entails  a  laborious  and  tedious  operation,  almost  as  tiresome  as 
the  making  of  the  test;  for  that  reason,  the  public  has  cast  its 
vote  in  favor  of  the  hydraulic  machine,  especially  in  large  machines. 


Gold  and  Silver  in  Spanish  Pyrites. — The  quantity  of  silver 

which  has  been,  extracted  in  England,  as  an  accessory  product  of  the 
pyrites  imported  from  Spain,  has  been  18,000  ounces,  and  the  quantity 
of  gold  about  700  ounces.     A  new  industry  has  thus  arisen  from  a. 
product  which  no  one  suspected  a  few  years  ago  to  have  any  mer- 
chantable value. — La  Gaceta  IndustriaL  C 
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Circulation  of  Air  in  the  St.  Gotthard  Tunnel.— M.  Staj)!' 
Jia.s  been  givinti-  careful  attention  to  tlie  variations  in  the  air  currents 
between  the  two  openings  at  Goschenen  and  Airolo.  He  finds  two 
principal  causes  to  be  operative  in  these  changes:  Fii*st,  the  soutliern 
opening  is  30  metres  (32*809  yards)  liigher  than  the  northern,  which 
represents  a  pressure  equivalent  to  that  of  a  column  of  air  36  metres 
■(39*371  yards)  high  at  the  subterranean  temperature;  second,  the  dif- 
ference of  barometric  pressures  upon  the  two  declivities  of  the  moun- 
tain. If  the  external  temperature  was  always  lower  than  the  internal, 
if  the  barometric  pressure  was  the  same  at  each  side,  and  if  there  were 
no  modifications  of  velocity  due  to  the  heating  and  expansion  of  the 
air  or  to  the  friction  against  the  walls, — the  draft  would  always  be 
southward.  Meteorological  observations  are  regularly  taken,  both  at 
Airolo  and  Goschenen,  to  determine  the  elements  which  are  required 
in  order  to  know,  monthly  or  annually,  the  number  of  days  for  which 
a  given  direction  of  current  or  an  absolute  calm  may  be  expected  in 
the  interior  of  the  tunnel. — Les  Jlondes.  C. 

Fugitive  Spectra. — Trouvelot,  in  the  observations  at  his  physical 
observatory  in  Cambridge,  during  the  past  four  years  has  examined 
the  sun  with  a  spectroscope  daily,  whenever  the  weather  would  admit. 
On  the  30th  of  August,  1877,  at  2.30  P.M.  he  noticed  for  the  first 
time  a  singular  phenomenon.  He  was  minutely  exploring  the  solar 
•  circumference  when  suddenly,  upon  a  group  of  brilliant  pro<-uberances, 
the  solar  spectrum  was  invaded  with  the  rapidity  of  lightning  and  tra- 
versed by  very  brilliant  linejir  spectra,  which  succeeded  each  other  with 
great  rapidity  and  ran  through  the  whole  visible  length  of  the  prin- 
cipal spectrum.  He  has  subsequently  turned  his  attention  specially  to 
these  phenomena,  and  finds  that  they  are  of  comparatively  frequent 
•occurrence.  Their  })resence  may  be  explaineil  by  two  hypotheses. 
The  first  attributes  them  to  meteors  and  the  consequent  disturbances 
which  are  supposed  to  give  rise  to  the  corona;  the  second  looks  to 
solar  forces,  which  are  brought  into  play '  by  unknown  causes,  pro- 
ducing profound  disturbances  accomjianied  by  eruptions  of  incandes- 
cent materials,  either  solid  or  liquid,  which  are  thrown  in  all  directions 
to  great  heights  in  the  solar  atmosphere.  Trouvelot  inclines  to  the 
latter  view,  but  he  is  continuing  his  observations  in  the  hope  of  finding 
positive  evidence  to  show  whether  the  l)odies  which  j>roduce  the  spectra 
ifall  into  the  sun,  or  are  ejected  from  it. — Ann.  de  Cliim.  et  de  Phys.  C. 
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Treatment  of  Boiler  Incrustation. — Casalonga  repojts favora- 
bly upon  the  system  of  Dulac  for  preventing  and  renioviug:  incrusta- 
tions. There  are  two  distinct  operations — one  intended  to  prevent  the 
crystallization  and  conglomeration  of  the  de])ositSy  the  other  to  clear 
the  water  from  these  deposits,  by  means  of  circulatory  currents  passing 
through  small  boxes,  which  can  be  readily  removed  and  in  which  the 
deposits  are  made.  An  experiment  has  been  tried  upon  the  boilers  of 
MM.  Raimbert  and  Geotfroy.  The  boilers  were  first  picked  and 
cleansed,  and  after  twelve  months'  trial  they  were  found  as  clean  as 
upon  the  first  day,  the  150  kilogrammes  (330" 6 9  pound&)  of  mud 
which  had  been  introduced  in  the  feed  water  being  found  collected  in 
the  decanting  boxes.  A  noteworthy  fact,  which  shows  the  purity  of 
the  steam,  is  that  the  walls  of  the  steam  reservoir,  the  dome  and  the 
main  pipe  are  as  clean  as  if  the  metal  was  new.  The  system  is  said 
to  be  especially  applicable  to  vertical  boilers  of  all  descriptions. — 
Chron.  Industr.  C 

Thermo-Chemical  Transformations.— Berthelot  has  shown; 
that  every  chemical  change  which  is  accomplished  without  the  interven- 
tion of  any  foreign  energy  tends  towards  the  production  of  the  body  or 
system  of  bodies,  the  formation  of  which  sets  free  the  greatest  amount  of 
heat.  Such  a  final  system  is  not  always  reached  at  once,  by  the  first 
transformation  of  the  original  bodies;  but  it  often  happens  that  these 
bodies  form,  in  the  first  place,  new  compounds,  which  are  modified  in 
their  turn  by  successive  steps.  In  order  that  these  successive  modifi- 
cations may  take  place,  it  is  necessary  that  each  one  of  them,  taken 
separately  as  well  as  their  aggregate  sum,  must  be  accompanied  by  a 
disengagement  of  heat.  There  can  be  no  gain  of  energy  due  to  inter- 
nal action  alone  in  any  of  the  intermediate  chants.  Berthelot 
explains  in  this  way  the  various  pheiiomena  which  were  attributed  by 
Sclionbein  to  the  opposite  electrical  polarities  of  ozone  and  antozone. 
He  thinks  that  oxygenated  water  (Contains  aji  excess  of  thermal  energy, 
and  this  excess  is  gradually  expended  in  the  formation  of  new  com- 
pounds, engendered  by  a  suite  of  metamorphoses,  which  is  impossible 
in  bodies  that  have  no  such  reserves.  He  regards  a  similar  theory  as 
applicable  to  a  multitude  of  chemical  })lienomena,  and  especially  to 
the  material  metamorphoses  which  preside  over  the  fermentations  and 
the  nutrition  of  living  beings. — Ajin,  de  Chim.  et  de  Fhys.  C. 
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Swiss  Triang^ulation. — il»<'  <-)i)eration.s  in  the  neighborhood  of 
Aarlberg,  under  the  direction  of  the  Spanish  General  Ibanez,  for 
measuring  the  base  of  the  network  of  Swiss  trianguhition,  liave  Ijeen 
very  satisfactoiy.  The  base  has  been  nieitsured  twice.  The  result  of 
the  first  measurement  was  2400'087  metres  (1"502  miles);  the  second 
operation,  which  was  conducted  entirely  independently  of  the  first,  for 
the  purpose  of  verification,  gave  2400*085  metres.  The  difference 
between  the  two  measurements  was  only  two  millimetres,  or  less  than 
one  ten-thousandth  of  one  per  cent.  Tlie  place  chosen  for  the  base  is 
on  the  route  of  Sisselen,  where  a  perfectly  straight  and  nciirly  liori- 
zontal  line  may  be  drawn  for  a  distance  of  about  three  kilometres 
(1*864  miles).  Similar  measurements  are  to  be  made  in  the  valleys  of 
Tessin  and  of  the  Rhine. — Les  Mondes.  C. 

Color  and  Liquefaction  of  Ozone.— Hautefenille  an<l  Chap- 
puis  find  that  the  isomeric  transformation  of  oxygen  int(j  ozone  under 
electric  influence  obeys  simple  laws.  AVhen  the  electric  discharges 
cease,  the  mixture  of  oxygen  and  ozone  ceases  to  be  homogeneous ; 
nevertheless  it  is  preserved  without  appreciable  change  if  a  uniform 
tem[)erature  is  maintiiined  below  the  freezing  point.  In  consequence 
of  this  relative  stiibility  of  the  ozone  they  have  been  able  to  compress 
the  mixture  and  to  experiment  with  the  ozone  under  a  pressure  of 
many  atmospheres.  In  increasing  the  pressure  the  capillary  tube 
becomes  of  an  azure  blue;  this  color  deepens  in  proportion  to  the 
reduction  of  the  gaseous  volume;  finally  the  gas  is  of  an  indigo  blue, 
and  the  meniscus  of  mercury,  when  seen  through  the  ga-,  appears  of 
a  steel  blue.  The  blue  color  of  the  gas  becomes  less  intense  and  the 
mercury  resumes  its  customary  metallic  aspect  when  the  tension  is 
diminished.  Under  a  pressure  of  75  atmospheres  a  thick  white  mist 
appears  the  moment  the  valve  is  opened.  The  ozonized  oxvgen,  there- 
fore, requires  oidy  one-fourth  as  great  a  pressure  as  pure  oxygen,  in 
order  to  secure  signs  of  liquefaction  and  solidification.  Ozone,  how- 
ever, is  a  little  more  difficult  to  licpiefy  thaii  carbonic  acid.  The  mix- 
ture of  oxygen  and  ozone,  containing  an  explosive  gas,  should  always 
be  compressed  gradually  antl  at  very  low  temperatures;  if  these  j  re- 
cautions  are  not  observed  the  ozone  decomposes,  with  an  eseape  of 
light  and  heat,  and  there  is  a  strong  explosion,  accompanied  bv  a  vel- 
lowisli  flash.  Uniler  a  pressure  of  ten  atmospheres  the  azure  tint  is 
so  intense  that  it  can  be  readily  seen  in  a  tube  of  one  millimetre 
("0394  inch)  internal  diameter. — Comittes  Rendiis.  C. 
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Diurnal  Variations  of  the  Barometer.— G.  H.  Simonds  has 
■computed  the  baroinetrio  coefficients  of  daily  variations  from  observa- 
tions made  at  thirty  stations  scattered  over  the  globe.  The  average 
duration  at  each  station  was  something  over  ten  years.  Under  the 
tropics  the  eifect  of  latitude  is  scarcely  perceptible,  but  between  the 
latitudes  of  20°  and  60°  the  value  of  the  quadrantal  component 
decreases  '001  inch  i)er  degree  of  latitude.  The  calculations  and  the 
discussions  which  have  resulted  from  them  confirm  Sir  John  Herschel's 
views,  in  regard  to  the  universality  of  the  phenomenon,  and  Chase's 
•explanation  of  the  cause. — Les  Mondes.  C. 

Radiant  Matter. — Hittorf  considers  that  the  results  of  Crookes' 
researches  upon  radiant  matter  are  not  essentially  different  from  those 
which  he  himself  published  in  1869.  The  only  novelty  wliicli  he 
recognizes  consists  in  Crookes'  admission  of  a  fourth  state  of  aggrega- 
tion. He  does  not  regard  this  admission  as  necessary,  and  he  is  unwil- 
Jing  to  admit  that  the  dark  space  near  the  negative  electrode  represents 
the  mean  length  of  molecular  path.  He  attributes  the  radiant  matter 
.to  particles  mechanically  torn  from  the  electrodes,  which  are  charged 
with  static  negative  electricity.  These  particles  move  in  a  straight 
line,  with  enormous  velocity  and  affect,  by  a  molecular  electric  con- 
vection, the  whole  track  of  the  current  between  the  two  poles. — Les 
Mondes.  C. 

Electric  Light  in  Slate  Quarries.— The  stability  of  schistose 
Tocks  is  so  much  greater  in  subterranean  galleries  than  in  superficial 
■excavations,  which  are  exposed  to  the  disintegrating  influences  of  air 
.and  moisture,  that  there  are  many  advantages  in  quarrying  slates  by 
means  of  mining  shafts  and  galleries.  The  greatest  objection  to  such 
•quarries  is  their  obscurity,  which  diminishes  the  net  results  of  the 
labor  and  renders  the  proper  surveillance  of  the  walls  more  difficult. 
These  inconveniences  have  been  partly  remedied  by  establishing  regu- 
lar rounds,  which  are  constantly  traversed  by  trustworthy  watchmen ; 
partly  by  replacing  the  old,  smoky  miners'  lamps,  in  the  first  place  by 
gas,  and  more  recently  by  the  electric  light,. which  appears  to  furnish 
a  complete  solution  of  the  problem.  In  the  quarries  of  Angers  all  of 
these  experiments  have  been  successfully  made,  and  it  has  been  found 
that  the  electric  light  is  about  eight  per  cent,  cheaper,  and  far  more 
.satisfactory  than  gas. — Ann  des  Mines.  C. 
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Franklin     Institute. 


Hall  of  the  Institute,  January  20tli,  1881. 

The  stated  meeting-  was  railed  to  order  at  H  o'eloek  P.  ^r.,the  Presi- 
<Ient,  Mr.  William  P.  Tatliam,  in  the  ehair. 

There  were  present  123  memhers  and  4o  v'isitors. 

The  minutes  of  the  last  meeting  were  read  and  a|»j)r(tved. 

The  Actuary  presented  the  minutes  of  the  Jioard  of  Managers,  and 
announced  that  14  persons  were  elected  memhers  of  the  Institute  at 
the  last  meeting  of  the  Board. 

The  Secretary  reported  the  following  donations  to  the  Library  : 

.Vnnual  Report  of  the  Department  of  Statistics  and  Geology  of  the 
State  of  Indiana,  1879. 

Annual  Report  of  the  Indiana  State  Board  of  Agriculture,  1879. 

Transactions  of  the  Department  of  Agriculture  of  the  State  of  Illi- 
nois, 1878.  From  L.  S.  Ware. 

Report  of  Select  Standing  (Committee  on  Immigration  and  ( 'oloni- 
zation.     Canada.     1878. 

University  of  California  College  of  Agriculture.  Su{)j)lement  to 
the  Biennial  Report  of  the  Board  of  Regents.      1S79. 

Annual  Report  of  Mius.sachusetts  Agricultural  College.     1880. 

Annual  Report  to  the  Council  of  the  City  of  Manchester  on  the 
Working  of  the  Public  Free  Libraries.     1879-80. 

From  the  Council. 

The  Gold  Standard;  its  Causes,  Effects  and  Future.  Philadelphia ^ 
H.  C.  Baird  tt  Co.,  1880.  From  the  Publishers. 

Annual  Report  of  the  Supervising  Inspector-General  <»f  Steam  Ves- 
.sels  to  the  Secretiiry  of  the  Xavy,  for  1880. 

From  the  Inspector-General. 

Verhandlungen  des  Xaturhistoriseh-Medicinischen  Vereins  zu  Hei- 
delberg.    N.  S.      Vol.  2.      Pt.  5.      1880.  From  the  So<'iety. 

Holyoke  Hydrodynamic  Experiments  made  by  Holyoke  Water- 
power  Company.     1879-80.  From  the  Company. 

Annual  Report  of  the  Commissioner  of  Patents  for  1879. 

From  the  U.  S.  Patent  Office. 

Act  and  Bull.     By  Lewis  A.  Scott. 

Monetary  (Questions  ^"iewed  by  the  Light  of  Anti«|uity.  By  R.  N. 
Top})an. 

Proceedings  of  Xumismatic  and  Antitpiarian  Socictv  of  Pliiladfl- 
phia.     18G5-G6. 
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Falsifications  of  Ancient  Coins.     By  S.  Iv.  Harzfekl. 
Remains  of  an  Aboriginal   Encampment  at   Rehoboth,   Delaware. 
By  F.  Jordan,  Jr.     Philadelphia,  1880. 

From  H.  Phillips,  Jr.,  Secretary  of  the  Xuraismatic  Society  of 
Philadelphia. 

The  Actuary  read  the 

Annual  Report  of  the  Board  of  Managers.. 

The  Board  of  Manao-ers  of  the  Franklin  Institute  of  the  State  of 
Pennsylvania,  for  the  Promotion  of  the  Mechanic  Arts,  respectfully 
submits  the  following  report  for  the  year  1880  : 

Members. — During  the  year  165  members  have  been  elected,  and  24 
have  resigned. 

Treasurer-' s  Report. — The  following  is  a  conden.sed  summary  of  the 
Treasurer's  report  for  1880  : 

Receipts. 
Balance  on  hand  Jan.  1,  1880,       .  .     $1,405  85 

Investments  of  the  Institute  paid  oflP,     .  3,000  00 

Current  receipts  from  all  other  sources,  .     11,567  44 


Payments. 

Amounts  re-invested,     .                  .  .     $2,526  25 

All  other  current  payments,  .                  .  11,937  03 

Balance  on  hand  Dec.  31,  1880,    .  .        1,510  01 


$15,973  29 


«1 5,973  29 


This  statement  shows  our  current  expenses  greater  than  the  current 
receipts. 

It  is  greatly  to  be  desired  that  by  an  increase  of  membership  this 
state  of  affairs  should  be  reversed. 

Journal. — The  Journal  continues  under  the  same  general  manage- 
ment as  heretofore.  The  financial  results  of  the  publication  show  that 
it  is  more  than  self-supporting,  and  it  is  believed  that  this  is  due  to 
the  practical  value  of  the  matter  published. 

The  size  of  the  monthly  Journal  has  been  increased  by  the  addi- 
tion of  eight  pages,  making  80  pages  of  reading  matter.  Manufac- 
turers are  recognizing  the  Journal  as  an  excellent  means  of  adver- 
tising. 

Library. — The  gradual  increase  of  the  Library  has  been  continued,, 
as  is  exhibited  by  the  report  of  your  Committee  on  the  Library. 
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Altliougli  new  bookcases  were  added  in  1879  and  1880,  there  Is  .still 
not  enoujrli  room  for  the  cc^nvenient  arrangement  of  the  books,  and 
tin's  evil  mnst  incre:tsc  until  a  larger  library  room  shall  be  j)rovi<led. 

Lectures. — In  the  beirinniny;  of  the  vear  Mr.  Charles  A.  Ashbiirner, 
(^f  the  Pennsylvania  Geological  Surv'ey,  gave  two  lectures  on  petro- 
leiUM,  and  the  course  was  contiiuied  by  Mr,  A.  E.  Oiiterbridge,  Jr., 
on  the  art  of  coining,  and  the  spectroscope;  Dr.  Robert  Grimshaw,  on 
saws ;  Prof.  Rachel  L.  Bodley,  on  structural  botany ;  D.  S.  Holman,. 
on  motion  in  "not  living"  matter;  Dr.  Isaac  Norris,  on  the  phy- 
sical properties  of  metals;  Hector  Orr,  on  printing;  J.  B,  Nicholson, 
on  book-binding;  John  Sartiun,  on  engraving;  Henry  Bower,  on 
glycerine;  Dr.  Carl  Seller,  on  vocal  acoustics,  and  Prof.  Joseph  Rem- 
ington^ on  the  metric  system. 

In  the  fall,  the  course  was  opened  by  six  lectures,  given  In-  Pr<»f. 
John  M.  Child,  <»n  the  mathematias  of  physical  science,  followed 
by  three  by  Dr.  Seller,  on  applied  acoustics  ;  lectures  by  Prof. 
Rachel  L.  Bodley,  on  hou.sehold  chemistry ;  Mr.  Reuben  Haines,  on 
water ;  Prof.  Barbeck,  on  microscopic  bohuiy,  and  Prof.  E.  J.  Hous- 
ton's holiday  lecture  on  electricity — all  of  which  have  been  largely 
attended. 

Practically,  the  lectures  of  the  Institute  are  now  free  to  the  j>ul)lio. 
By  the  resolution  of  the  Board,  seats  are  retained  for  members  until 
five  minutes  to  8  o'clock,  after  which  all  who  come  are  made  welcome, 
and,  from  the  interest  taken  in  the  Institute  by  many  visiting  it  for 
the  first  time,  the  plan  cannot  fail  to  be  productive  of  good,  and  a 
number  have  expressed  a  desire  to  join,  and  aid  all  in  their  power 
to  enhance  its  future  usefulness.  The  averay;e  attendance  since  the 
change  has  been  about  two  hundred  persons,  while  upon  two  occa- 
sions nearly  four  hundred  were  crowded  into  the  hall,  proving  how 
entirely  inadequate  the  lecture  room  is  to  accommodate  all  who 
wish  to  attend,  and  how  much  more  good  could  be  done  if  the  i)resent 
valuable  course  of  lectures  were  delivered  in  a  larger  hall. 

Drawing  School. — The  increase  in  the  number  of  pupils  applying 
for  instruction  in  this  department  of  the  Institute  is  very  gratitying 
to  the  Board.  Mr.  Philip  Pistor,  the  Prim-ipal  of  the  school,  ro[)orts 
96  pupils  attending,  and  the  inten-st  they  take  in  their  studies,  anil 
the  emulation  excited  l)y  the  Bartol  scholarships,  show  that  this 
important  work  of  the  Institute  is  properly  appreciated. 
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The  course  is  a  progressive  one,  and  includes  instruction  in  mechan- 
ical, architectural  and  topographical  drawing,  both  free  hand  and 
instrumental,  extending  over  three  years;  but  pupils,  if  sufficiently 
advanced,  may  select  any  subject  of  importance  to  them,  and  receive 
in  it  individual  instruction.  Three  evenings  in  the  week,  instead  of 
two,  as  heretofore,  are  now  devoted  to  the  school,  and,  as  the  increase 
of  pupils  is  about  33  per  cent,  over  last  year,  it  was  necessary  to  give 
notice  to  the  Pennsylvania  Museum  and  School  of  Industrial  Art  that 
the  arrangement  of  a  joint  occupation  of  the  rooms  would  have  to 
■cease,  and  they  have  accordingly  moved  elsewhere.  The  Board  regret 
•extremely  the  necessity  of  the  action,  and  the  severance  of  the  very 
pleasant  relations  which  have  always  existed  between  the  two  schools. 

The  facts  presented  in  this  report  of  the  condition  and  work  of  the 
Institute,  show  that,  while  it  is  nearly  self-supporting,  as  at  present 
constituted,  its  usefulness  is  cramped  in  every  department  but  one, 
by  want  of  room  in  the  hall  which  we  now  occupy. 

The  library  room  and  the  lecture  room  are  entirely  too  small,  and 
the  chemical  and  physical  laboratories  attached  are  altogether  inade- 
quate. 

The  cabinet  of  minerals  has  been  stored  elsewhere  for  want  of  room, 
and  the  models  are  scattered  and  visible  everywhere  on  the  tops  of  the 
bookcases.     The  drawing  school  alone  has  room  to  grow. 

It  seems  to  the  Board  that  the  time  has  arrived  for  an  appeal  to  the 
public  for  means  to  place  this  Institute  in  a  building  large  enough  to 
enable  it  to  meet  the  public  wants. 

Unlike  other  institutions  of  similar  character  elsewhere,  the  Frank- 
lin Institute  has  received  no  appropriations  of  money  from  either 
State  or  city,  yet  it  is  altogether  a  public  charity. 

It  is  true  that  we  neither  feed  the  hungry,  clothe  the  naked,  nor 
heal  the  sick ;  but,  on  the  other  hand,  our  efforts  are  to  dry  up  the 
sources  of  hunger,  destitution  and  disease,  and  to  avert  these  evils  by 
the  diffusion  of  such  knowledge  as  strengthens  and  directs  the  hands 
of  the  bread  Avinner,  cheapens  the  cost  of  food  and  habitation,  and 
improves  the  construction  of  dwellings. 

Our  charity  makes  no  paupers ;  for,  however  much  it  may  benefit 
lan  individual,  it  never  diminishes  his  feeling  of  independence,  for  it 
Jielps  those  who  help  themselves. 

The  Board  renews  the  appeal  made  lost  year  to  the  members  to  aid 
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the   Institute  by  adding  to   their  number.     During  the  past  year  70 

persons  were  nominated  and  elected  at  tiie  instance  of  a  single  member. 

By  order  of  the  Board, 

W.  P.  Tatham,  President. 
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The  Library. 

The  Committee  on   the   Library  respectfully  reports  for  the  year 

ending  December  31,  1880. 

The  number  of  volumes  ordered  by  the  committee  from  publishers 

was  81. 

Bound!  Unbound. 

Number  of  volumes  received  from  publishers  (which 

includes  orders  given  previous  to  1880),     . 

Xumber  of  volumes  received  for  notice  iii  Journal, 

Number  of  volumes  received  as  donations,    . 

Xumber  of  volumes  received  as  exchanges, 

Xumber  of  volumes  received  other  than  exchanges, 

Total  number  of  volumes  added  in  1880,  .   566  843 

Number  of  volumes  in  Library  Dec.  31,  1879,  .  14,813 
Number  of  volumes  (bound)  in  Library  Dec.  31, 1880,  15,379 
Number  of  volumes  repaireil  during  the  year,  .  .     24 

Number  of  circulars  received  during  the  year,      .  ..  571 

Number  of  new  exchanges  ordered,  .  .  .18 

Number  of  exchanges  discontinued,      .  '  .14 

Among  the  importiuit  donations  were  twenty  volumes  of  the  "  Pub- 
lication Industrielle,"  by  Armengaud,  from  Mr.  Frederick  Gniff; 
"Steam  Boilers,  their  design,"  etc.,  by  Schock,  from  ^Ir.  B.  H.  Bartol : 
"Coney's  Foreign  Cathedrals,"  from  Dr.  Isaac  Norris,  and  the 
"Aunales  Industrielles,"  from  Mr.  L.  S.  Ware. 

A  number  of  valuable  exchanges  for  tlie  Journal  of  the  Institute, 
and  for  duplicate  volumes  of  books  in  the  Library,  have  been  effected 
during;  the  vear. 

A  number  of  serial  publications  have  been  completed,  and  many 
l)Ooks  requiring  it  have  been  rebound. 

The  books  purchased  with  the  income  from  the  Bloomtield  Moore 
fund  have  been  marked  by  an  appropriate  label,  indicating  the  gen- 
erous donation  made  to  the  Library  from  this  source. 

The  niuuber  of  membei's  and  other  persons  making  use  of  the 
Library  ciinnot  be  given,  but  the  committee  can  report  an  evidently 
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increasing  interest  in,  and  use  of,  the  Library.  With  the  collection  of 
standard  works,  embracing  all  the  departments  of  art  and  science,  to 
be  found  in  the  Library,  your  committee  would  urge  upon  the  mem- 
bers their  influence  to  extend  the  list  of  membership  of  the  Institute, 
believing  tiiat  in  the  benefit  to  be  derived  from  the  use  of  the  Library 
will  be  found  the  full  value  of  the  annual  dues  for  membership, 

Chas.  Bullock,  Chairman  of  the  Committee. 


The  Secretary  read  memorials  of  the  late  George  R.  Barker  and  Dr. 
Alexander  Wilcocks,  and  appropriate  resolutions  were  passed. 

The  tellers  of  the  election  held  this  day  presented  their  report,  and 
in  accordance  therewith  the  President  declared  the  following  members 
elected  as  officers  and  managers  : 

President,  William  P.  Tatham. 

Vice-President,  Charles  Bullock. 

Secretary,  Dr.  Isaac  Norris, 

Treasurer,  Frederick  Fraley. 

Managers  to  serve  three  years,  Prof.  Pliny  E.  Chase,  Frederick  Graff, 
Coleman  Sellers,  Washington  Jones,  W.  L.  Du  Bois,  A.  E.  Outer- 
bridge,  Jr.,  Theodore  D.  Rand  and  Joseph  M.  Wilson. 

Auditors,  William  B.  Cooper  and  Lewis  S.  Ware. 

The  President  stated  that  no  nomination  had  been  made  at  the 
December  meeting  for  Trustee  of  the  Pennsylvania  Museum  and 
School  of  Industrial  Art,  but  that  the  by-laws  governing  the  subject 
of  nominations  and  elections  did  not  apply  to  the  office,  which  had 
been  created  since  their  adoption.  It  was  competent,  however,  for  the 
Institute  to  elect  a  representative  at  this  time,  and  he  thought  it  would 
be  better  to  have  this  done. 

Mr.  Mitchell  moved  that  the  President  be  authorized  to  cast  the 
vote  of  the  Institute  for  Dr.  Norris,  saying  that  the  latter  gentleman 
had  been  a  worthy  representative  of  the  Institute  and  entirely  in  har- 
mony with  the  other  trustees.  The  motion  was  agreed  to,  and  the 
President,  casting  the  vote,  declared  Dr.  Norris  elected. 

Mr.  Mitchell  moved  that  a  vote  of  thanks  be  tendered  the  tellers 
for  their  services,  which  was  carried  unanimously. 

Among  the  novelties  shown  was  KriebeFs  vibrating  valve  engine, 
designed  for  use  on  farms,  and  by  people  who  cannot  afford  to  employ 
engineers,  or  to  use  machinery  liable  to  get  out  of  order  and  require 
repairs.     One  part  of  the  valve  vibrates  with  the  cylinder,  and  is  a 
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part  of  \\\K-  same,  while  the  (jther  piirt  is  stationary  and  is  hehl  to  the 
vibrating  j)art  l>v  springs  wliich  take  up  the  wear  of  the  valve.  The 
engine  may  be  eiLsily  reversed  without  the  use  of  a  link,  and  a  movable 
|)late  between  the  valve  surfaces  enables  the  engineer  to  adjust  the  eut- 
oif  to  any  (h;sired  point.  Engines  of  this  type  have  been  in  use  in 
TexiLs  for  more  than  two  years.  The  chief  claim  of  the  inventor  is 
simplicity  of  construction. 

Mr.  Kriebel,  by  a  photograi>h  projected  uj)on  the  screen,  explained 
the  construction  of  the  valve,  and  exhibited  tiie  engine  in  operation, 
and  showed  how  readily  it  coidd  be  reversed. 

Mr.  Orr  intpiired  as  to  the  power  of  the  engine  exhibite<l,  and  was 
told  that  it  WiLs  eight  horse-power.  In  answer  to  other  inquiries  Mr. 
Kriebel  stated  that  the  earlier  engines  of  this  type  were  built  in  Tcxa-, 
l)Ut  that  this  particular  engine  was  not. 

Dr.  Norris  read  a  paper  describing  Mr.  Thomas  S.  S|>eakman's  j»ro- 
l>osed  tidal  motor,  ami  the  latter  gentleman  exhibited  a  model  of  the 
a])|)aratus. 

Mr.  Speakman's  [)apcr  describing  his  proposed  motor  reviewed  pre- 
vious attempts  made  in  the  satne  direction,  but  in  which  only  the  flow 
of  the  tide  was  utiliz('<l.  His  proposed  motor  is  designtHl  to  use  the 
vertical  force  of  the  ebb  and  How  of  the  tide.  A  reservoir  in  which 
the  tide  water  flows  is  [)rovided  with  a  float,  which  rises  and  falls  with 
the  tide,  and  its  movement  is  utilized  in  driving  the  piston  of  a  pump. 
At  this  city,  the  tide  rises  about  six  feet,  and  Mr.  Speakman  claims 
that  he  coidd  obtain  four  .strokes  per  day  of  the  piston  of  a  pump  lift- 
ing a  column  (»f  water  to  that  height.  The  design  is  to  use  very  large 
floats  and  proportionatelv  large  pumps.  It  is  also  proposcnl  to  connect 
the  float  witii  a  shaft  by  means  ot"  rat<-h(Hs,  and  to  raise  the  s{)ee<.l  of 
nuichinery  driven  by  this  motor  to  any  desii^ed  extent  by  the  use  of 
ordinary  devices  of  shafting  and  gearings.  Mr.  Speakman  presentt^l 
calculations  of  the  power  of  the  motor  with  floats  and  pistons  of  dif- 
ferent diameter,  and  claimed  that  the  motor  would  be  e<^onomic:d,  as 
the  running  expense  would  be  trifling  in  amount. 

In  answer  to  questions  by  Messi-s.  Tatham,  ('ooj)er  and  others,  Mr. 
Speakman  said  that  the  i)iston  was  packed  tightly,  that  it  would  make 
four  strokes  a  day  (that  is,  two  double  strokes),  that  the  cost  of  the 
power  derived  was  almost  nothing  beyond  interest  on  the  original  cost 
of  the  apparatus,  and  that  no  attempt  had  been  made  to  reduce  the 
eftects  of  the  macliine  to  horse-power. 


160  Proeeedings,  etc.  [Jour.  Frank.  Inst. 

Dr.  Robert  Grimshaw  made  a  few  remarks  upon  "  Modern  Milling." 
He  said  that  within  the  last  ten  years  milling  had  advanced  to  be  a 
true  science,  requiring  higher  knowledge  of  the  art  than  formerly,, 
guided  and  aided  by  principles  not  laid  down  until  within  the 
last  ten  years. 

The  new  process  milling  simply  means  reversing  the  entire  miller's 
art ;  taking  what  was  formerly  thrown  a^vay  to  make  a  high  grade.. 
There  are  five  or  six  different  systems,  and  the  changes  from  the  old 
system  are  very  marked,  as  mills  are  now  built  which  make  4000  bar- 
rels of  flour  per  day. 

The  changes  are  in  almost  every  branch  of  milling,  in  the  parties 
employed,  in  the  material  used,  in  the  process,  in  the  product,  in  the 
location  of  the  milling  industry,  in  the  habit  of  grinding,  in  the  size- 
of  the  mills,  in  the  power  by  whicli  the  mills  are  universally  driven,, 
and  the  importance  of  the  industry,  and  it  has  been  lifted  to  a  noble 
and  useful  art.  The  new  process  flour  is  not  made  from  the  flour 
itself,  but  from  the  broken  bits  of  the  berry.  The  wheat  ground 
between  stones  was  broken  up  into  bran,  sharps  and  loose  flour.  The 
proportion  of  sharps  was  about  12  or  15  per  cent.  In  the  new  process 
milling,  in  any  one  of  the  five  systems,  they  aim  to  produce  from  75 
to  80  per  cent,  of  middlings.  Instead  of  using  the  old  grinding,  gran- 
ulation is  now  used.  There  are  now  employed  five  different  classes  of 
machines  in  granulation,  and  in  their  subdivision  about  22  different 
classes  of  machines. 

The  speaker  then  had  thrown  upon  a  screen  pictures  showing  dif- 
ferent kinds  of  mill  machinery,  and  explained,  as  he  went  along,  their 
action  and  advantages.  He  also  had  samples  of  flour  in  all  stages  of 
milling,  from  the  grain  of  wheat  to  the  finished  article  ready  for  the 
baker's  use. 

In  speaking  of  the  third  class  of  mill  machinery,  which  he  charac- 
terized as  that  by  which  the  best  part  of  our  American  flour  is  made, 
he  said  that  the  rollers  might  be  either  made  of  porcelain,  stone,  cor- 
rugated iron,  smooth  iron,  or  steel,  and  that  they  might  be  run  in  pairs 
or  single.  He  also  said  that  to-day  Minnesota  and  Dakota  wheat  were 
taking  the  lead  in  the  new"  process.  After  showing  the  different  classes 
of  machines,  he  also  had  cast  upon  the  screen  representations  of  the 
berry,  showing  how  the  machine  treated  it. 

Upon  motion,  the  Institute  adjourned. 

Isaac  Norris,  M.  D.,  Secretary. 
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( Continued  from  page  99.) 

The  English  Experiment  with  the  "Anthra<  ite.' 
The  experiment  made  in  Enj^land  with  the  Anfhracite  in  tree  route, 
was  eondueted  by  Mr.  Brain  well,  whose  report  is  before  me  together 
with  _/*ac  similes  of  all  the  indicator  diaijrams  taken  on  that  ocea.sion, 
and  the  working  drawings  of  the  cylinders,  valve  chest,  etc.  The 
text  of  tlie  repoi't  is  exceedingly  meagre,  giving  l)nt  little  inf<»rmatinn 
beyond  the  fact  <>t"  the  numl)cr  (»f  ])<>nn<ls  of  coal  |)t'r  hour  tor  which 
the  indicated  horsc-j)ower  was  obtained.  Neither  the  manner  <»f  <on- 
<lucting  the  ex[)eriment,  nor  ot"  reporting  it,  is  comparable,  in  sagacity 
of  method  and  completeness  of  data  and  results,  with  tlie  New  York 
Navy  Yard  experiment  and  report  made  by  Cliief  Engineer  Loring, 
U.  S.  N.,  and  were  it  not  for  the  jwssession  of  the  indictitor  diagrams 
and  of  the  working  drawings  of  the  cylinders  above  referred  to,  but 
little  coidd  be  elicited  fnun  ^Ir.  Bramweirs  report  of  value  to  t!ie 
engineer. 

Mr.  Bramwell's  method  was  to  commence  with  the  i)oiler  and  its 
water  cold,  weigh  all  the  coal,  including  the  coal  equivalent  of  the 
Whole  No.  Vol.  CXI. — (Third  Serie.'*,  Vol.  Ixxxi.)  11 
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kindling  wood,  consumed  iVoni  the  starting  of  the  fire,  and,  at  the 
close  of  the  experiment,  burn  the  live  entirely  out,  working  the 
maehinerv  and  taking  the  diagrams  until  the  engine  stopped  for  want 
of  steam.  The  work  done  during  this  time  was  computed  in  foot- 
pounds from  the  diagrams,  which  work  could  be  easily  turned  into 
indicated  horses-power.  This  method  was  unfair  to  the  machinery. 
The  heating  of  the  boiler  and  its  contained  water  to  the  working  tem- 
perature is  not  properly  chargeable  to  the  performance  of  the  engine, 
nor  is  it  exact  to  average  the  declining  power  of  the  engine  during 
the  burning  out  of  the  tire  with  its  proper  performance  at  normal 
pressure.  As  the  steam  pressure  sunk  with  the  sinking  fire  during 
the  latter  j)art  of  the  experiment,  the  back  jn-essure  against  the  piston 
remaining  constiint,  the  indicated  pressure  became  continuously  a  less 
and  less  proportion  of  the  total  pressure  on  the  pistons  with  a  corres- 
pondinir  falling  off  in  the  economic  result. 

The  proper  manner  was  to  commence  the  experiment  with  the  fire 
in  normal  condition  for  steady  action,  and  to  end  with  it  in  the  same 
state,  maintaining  the  steam  pressure  and  rate  of  combustion  as  uni- 
form as  possible  throughout,  and  continuing  the  experiment  sufficiently 
lono-  to  render  any  error  in  the  valuation  of  the  condition  of  the  fire 
at  the  beginning  and  end  practically  insensible  when  spread  over  such 
an  extent  of  time. 

Amono;  the  omissions  in  the  report  is  the  height  of  the  barometer, 
which   has  l>een  supplied   l>y  assuinjiig  it  at  the  standard  of   29-92 
inches  of  mercury.     The  height  of  the  barometer  is  indispensable  for 
obtainintr  the  }>ressures  above  zero  from  the  indicator  diagrams,  and 
without  these  pressures  the  distribution  of  the  steam  in  the  cylinders 
cannot  be  known.     The  information  to  be  thus  obtained  from  these 
diao;rams  is  verv  imjjortant,  and  is  much  in  addition  to  merely  the 
indicated  pressure  which  is  usually,  as  in  Mr.  Bramwell's  report,  all 
that  is  derived  from  them.    The  pressure  above  zero  at  the  commence- 
ment of  the  stroke  of  the  piston,  at  the  point  of  cutting  off  the  steam, 
and  at  the  end  of  the  stroke  of  the  piston ;    the  mean  back  pressure 
against  the  piston  during  its  stroke,  and  the  back  pressure  at  the  com- 
mencement of  its  stroke,  should  always   be  given  as  well  as  the  indi- 
cated pressure. 

The  refuse  from  the  coal  is  not  stated,  but  as  the  fuel  used  was 
Nixon's  navigation  coal,  the  refuse  from  which  is  known  by  other 
experiments  to  be  about   5   per    centum,  tliat   j)roportion    has    Ijeen 
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assumed.  Tliis  coal  is  the  finest  steam  coal  in  the  world,  and  is  user! 
exclusively  in  experiments  made  for  the  Jiritisli  Admiralty.  As  it 
comes  from  the  mine  it  has  but  little  refuse,  and  that  little  is  after- 
Avards  lessened  by  careful  hand  picking.  Jt  produces  neither  smoke 
nor  clinker,  the  refuse  being  a  small  (piantity  of  light  white  ash.  It 
is  free  burning  to  a  remarkable  degree,  does  not  cake,  intume.sce  or 
cohere,  and  requires  but  little  clei\ning  of  the  fire.  The  pound  of  its 
combustible  matter,  that  i.s,  a  pound  of  what  remains  after  deduction 
of  the  refuse,  has,  undoubtedly,  a  higher  water  vajiorizing  value  in  a 
l>oiler  than  the  pound  of  combustible  matter  from  any  other  coal 
known. 

Xo  temperatures  are  given  in  the  report,  not  even  the  temi)erature 
of  the  feed  water,  which  has  been  assumed  the  same  as  during  the 
Navy  Yard  experiment,  the  vacuum  in  the  condenser  being  very 
nearly  alike  in  both  cases. 

The  waste  spaces  in  the  steam  ])a.ssages  and  :-learances  at  the  ends  of 
the  cylinders  are  not  given  in  the  report,  although  their  disproportion- 
ately great  extent  materially  affects  opinion  on  the  performance.  Xo 
stiitemeut  is  made  of  where  the  water  level  was  carried,  nor  is  there 
given  the  proportion  of  the  boiler  surface  in  water  and  in  steiim.  The 
text  of  the  report,  indeed,  furnishes  no  meiins  of  intelligently  under- 
standing the  performance,  or  of  analyzing  it;  but  its  omi.ssions  have 
been  supplied  from  the  otiier  .sources,  so  that  the  complete  data  and 
results  are  presented  in  the  following  tai)le  with  probably  sufficient 
accuracy  for  practical  purposes. 

The  weight  of  water  pumped  into  the  boiler  during  the  English 
experiment  was  not  ascertained;  it  is  a  very  important  quantity  and 
might  easily  have  been  measured  in  the  same  manner  as  during  the 
Xavy  Yard  experiment,  the  quantity  per  hour  being  so  small  as  to  l>e 
quite  manageable.  In  the  following  table,  however,  this  quantity  is 
given,  and  it  was  thus  deduced.  From  the  Xavy  Yard  experiment 
the  number  of  pounds  of  steam  condensed  i)er  hour  in  the  third  cvl- 
inder  at  the  end  of  the  stroke  of  its  piston-  I)y  causes  other  than  the 
production  of  the  power,  was  experimentally  ascertainetl,  but  as  the 
extreme  temperatures  in  this  cylinder  during  the  two  experiments  were 
different,  the  difference  being  less  in  the  English  trial,  the  Xavy  Yard 
conden.sation  had  to  be  diminished  in  the  ratio  of  the  two  differences. 
To  the  quantity  so  obtained  were  added  the  numl)er  of  pounds  of 
steam  accounted  for  ])er  hour  by  the  indicat<ir  at  the  end  of  the  stroke 
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of  the  piston  of  the  third  cylintler,  and  the  smii  is  the  number  of 
pounds  of  feed  water  pumped  into  the  boiler  per  liour.  This  quantity 
is  indispensable  for  understanding  and  reconciling  the  differences  in 
the  economic  results  obtained  during  the  two  experiments;  the  error 
in  it,  if  there  be  any,  cannot  exceed  one  or  two  per  centum. 

The  length  of  the  trial  has  been  taken  at  11  hours  and  10  minutes,, 
as  for  that  time  only  can  the  coal  consumption  be  recovered  for  the 
proper  conditions  of  the  trial.  The  indicator  diagrams  taken  half- 
hourly  during  this  time  have  all  been  calculated,  and  the  mean  number 
of  double  strokes  made  by  the  pistons  of  the  engine  for  the  same  time 
has  also  been  found.  The  mean  steam  pressure  in  the  boiler  and  in 
the  receiver  during  this  time  is  also  ascertained,  as  well  as  the  mean 
vacuum  in  the  condenser.  The  consumption  of  coal  was  obtained  as 
follows : 

From  7.22  A.  M.  until  6.30  P.  M.,  a  period  of  11  hours  and  10^ 
minutes  consecutively,  the  engine  operated  with  great  uniformity  of" 
conditions,  the  steam  pressure  in  the  boiler  -varying  from  340  pounds 
per  square  inch  above  the  atmosphere  as  the  minimum  to  370  pound.s 
as  the  maximum,  the  mean  being  357  pounds  per  square  inch  above 
the  atmosphere.  The  quantity  of  coal  consumed  during  this  period 
is  not  stated  in  the  report,  but  the  statement  is  made  therein  that  from 
7.50  A.  M.  until  4.45  P.  M.,  a  period  of  8  hours  and  55  minutes  com- 
prised within  the  above,  1232  pounds  of  coal  were  thrown  into  the 
furnace.  If  the  assumption  be  now  made  that  the  condition  of  the  fire 
was  the  same  when  the  last  of  this  coal  was  thrown  in  as  it  was  when 
the  first  was  thrown  in,  which  was  undoubtedly  the  case  judging  from 
the  uniformity  of  the  steam  pressure  and  number  of  double  strokes 
made  by  the  pistons  before  and  after  as  well  as  during  the  period  of 
8  hours  and  55  minutes,  then  the  1232  pounds  of  coal  were  consumed 
in  the  8  hours  and  55  minutes,  or  at  the  rate  of  138*168224  pounds 
per  hour,  or  9*0213  pounds  per  hour  per  square  foot  of  grate  surface, 
which,  for  the  kind  of  coal  used,  was  an  extremely  slow  combustion. 
The  mean  number  of  double  strokes  made  per  minute  by  the  pistons 
of  the  engine  during  the  above  11  hours  and  10  minutes,  was 
130*3881,  and  is  exactly  the  same  as  during  the  8  hours  and  55  min- 
utes, the  mean  steam  pressure  in  the  l^oiler  being  also  almost  exactly 
the  same  during  the  two  periods.  The  above  rate  of  combustion  of 
138*16824  pounds  of  coal  per  hour,  according  to  the  report,  during 
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till,'  s  liDurs  and   Oo   iiiiiiiitcs,  may  tlieroforc   l)u  consklered   the  iiR-aii 
rate  of  coinl>iisti(»ii  for  the  entire  perioil  of  11  lioiir:^  aii<l   lo  iiiiimtes. 

'Dihli  rontxuniiif/  ihr  Jjafa  uml  JicsnJf..^  of  (he  Experhnent  nutdr  in 
England  bi/  Mr.  Bramwell  on  the  Machinery  of  the  Steam  Yacht 
Antiii!.\(  riK  to  determine  its  Economic  Performance : 

Datf  of  the  exiHTiiiwiit  i  vcssol  in  frc*-  route),  .  .M;i\  -I'l.  l*>s'i. 

XunilH-rofsfts  of  indicator  (liajrraniH,  taken  liall-iiouriy.  — 

{  Duration  of  the  cxju-riinrnt  in  liours  and  minutes,  con- 
;-t'    I      socutively,  ..... 

Z      Total  iunul»er  of  pounds  consunuMl  of  Ni.xon's  navifjca- 
H  tion  steam  coal,       ..... 

^    j  Total  number  of  pounds  of  refuse  in  ash,  etc.,  from  tlie 
j;^    I      coal,  .  .  ,  .  •       . 

Total  number  of  pounds  of  comltustible  (giusitiable  |»or- 

tion  of  the  coali  consuuK-d, 
Per  centum  of  the  coal  in  refuse  of  a.sh,  ete., 
Total  numl>er  of  double  strokes  made  by  the  pistons  of 
the  engine,  ..... 

I  Steam  ))ressure  in  the  lioiler.  in  jioumls  per  sipiare  imh 
al)ove  the  atmosjdiere,  .... 

.Steam  i)ressure  in  the  receivi'r,  in  pounds  per  sipiare  inch 
above  the  atmosphere,  .... 

Position  of  the  throttle  valve,         .  .  I'artly  closed 

Fraction  complet<'d  of  the  stroke  of  the  piston  of  ilu- 

1st  cyliinler  whi-n  the  steam  \va.s  cut  oil", 
Fraction  completed  of  the  down  stroke  of  ilu'  piston  of 

the  ;{d  cylinder  when  the  steam  was  cut  oil". 
Fraction  comiileted  of  the  u])  stroke  of  the  pistttnof  the 
I      3d  cylinder  when  the  steam  was  cut  otr, 
■2    j  Number  of  tinjes  the  steam  was  expamled, 
i:    I  In  none  of  the  cylinders  was  the  steam  cushioned,  nor 
^    j      was  there  either  steam  or  exhaust  lead. 
~    I  Vacuum  in  the  condenser,  in  inches  of  mercury, 

j  Back  pressure  in   the  comleiisi'r  in    poumls  ]iersi|uare 
inch  above  zero,     ..... 

Probable    temperature    in    ile^n-es    Falirculicit,    of  the 
I      feed  water,  .  .  .  . 

I  Numberof  double  strokes  mad«'  per  minute  l)y  the  steam 
jtistoiis,      ...... 

I  Temi)eraturt',  in  tU-irrces  Fahrenhi'it.  of  tin*  boiler  sti-ani, 
I      considered  as  saturated,        .... 

I  Temperature,  in  degn-es  Fahn-nheit.  of  the  steam  in  liie 
1st  cylinder  at  the  commencenu-nt  of  the  stroke  of  the 
]>iston,  consideri'il  its -.itMr.-iiiiI, 
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r  Pounds  of  coal  consumed  per  hour, 
Pounds  of  combustible  consumed  i^er  hour, 
Pounds  of  coal  consumed  per  hour  per  s(|uare  foot  of 
grate,         ...... 

Pounds  of  combustible  consumed  per  hour  per  square 
foot  of  grate,  ..... 

Pounds  of  coal  consumed  per  hour  per  scjuare  foot  of 

I      outer  heating  surface,  .... 

Pounds  of  coal  consumed  per  hour  per  s(|uare  foot  of 

I      inner  heating  surface,  .... 

I  Pounds  of  combustible  consumed  per  hour  per  square 

I      foot  of  outer  heating  surface, 
Ponnds  of  combustible  consumed  per  hour  per  s<iuare 

I      inner  heating  surface,  .... 

f  Pressure  on  piston  of  1st  cylinder  at  connnencement  of 
I      its  stroke,  in  pounds  pev  square  inch  above  zero. 

Pressure  on  piston  of  1st  cylinder  at  the  point  of  cut- 

I      ting  off  the  steam,  in  pounds  per  square  inch  above 

zero,  ...... 

I  Pressure  on   piston   of  1st  cylinder  at  the  end  of  its 

stroke,  in  pounds  per  square  inch  above  zero, 
I  Mean  back  pressure  against  jjiston  of  1st  cylinder  dur- 
J      ingrits  stroke,  in  jiounds  per  square  inch  above  zero, 
I  Backjpressure  against  piston  of  1st  cylinder  at  com- 
mencement of  its  stroke,  in  pounds  per  square    incli 
above^zero,  ..... 

Indicated  pressure  on  piston  of  1st  cylinder,  in  jiounds 
Ijer  square  inch,      ..... 

Net  pressure  on  piston  of  1st  cylinder,  in  pounds  per 
square  inch,  ..... 

Total  pressure  on  piston  of  1st  cylinder,  in  pounds  per 
L     square  inch,  ..... 

f  Pressure  on  piston  of  2d  cylinder  at  commencement  of 
its  stroke,  in  pounds  per  square  inch  above  zero. 
Pressure  on  piston  of  2d  cylinder  at  the  end  of  its  stroke, 

in  pounds  per  square  inch  above  zero, 
Mean  back  pressure  against  piston  of  2d  cylinder  during 

its  stroke,  in  pounds  per  s(|uare  inch  above  zero. 
Back  pressure  against  piston   of   2d   cylinder  at  com- 
mencement of  its  stroke,  in  pounds  per  square  incli 
above  zero,  .  .  .  .  • 

Indicated  pressure  on  piston  of  2d  cylinder,  in  pounds 
per  square  incli,      .  .  .  . 

Net  pressure  on  piston   of  2d  cylinder,  in   pounds  per 

square  inch. 
Total  pressure  on  piston  of  2d  cylinder,  in  iiounds  per 
square  inch, 


138-1682 
131-2598 

9-0213 

S-.57U2 

(J -4602. 

0-6127 

0-4372 

0-.5821 

20.5-(t3 

181 -51 

105-26 

41-23 

32-30 
124-546 
122-546 
165-776 

62-33 

29-83 

25-94 

24-lu 
15-606 
13-606 
41-456 


-Mar.,  1881.] 


fnfienvoo(l —  The  Prrkins  Kiif/iiic 


167 


ri'ivssuiv  on   |i(|i  (iC  |»i^l<)ii  of  .It]  cyliiiiltr  at  <-oiimn'iii<- 
inc'iit  f>f  itx  stroke,  in    poiMHls  per^qiiart'  imli  al>o\c 
zero,  ......  jiiiM. 

ProHsiire  on  top  of  piston  of  .id  rylin<itr  at   tin-  |H>int  of 
cuttiii^r  otl"tli<-  steam,  in  |>oun<ls  p<  r  -fpiare  inch  aliovc 
zero,  ......  I<i77 

I'ressufe  on  top  of  piston  of  .Sd  eylinder  at  the  end  of  its 

stfoke,  in  pounds  per  square  incli  al»ove  zero,  .  7-ir2 

Mean  iiaek  pressure  aj^ainst  top  of  piston  of  ;{<1  eylinder 
during  its  stroke,   in   pouinls   per  sijuare  in<'h  alwivr 
zero,  ,,,...  4"'i-> 

Iiaek   pressure  against    top  of  piston  of  'M\  eyhnder  at 
eoninieiieenient  of  it.s  stroke,  in    |)ounds    per  square 
ineli  aliove  zero,      .....  .>-«>t 

Indicated  pressun-  on   top  of  piston  of  :{d  cylinder,  in 
pounds  per  square  inch,       ....  s-^-"):^ 

Net  pressure  on  top  of  piston  of  .'td  cyiindi-r,  in  p(»untU 
per  .square  inch,      .....  'i-yrJ 

Total  l)re^i.slu•e  on  top  of  piston  of  :M  cylin<lcr.  in  pound- 

per  s(iuare  inch,      .....  12'.S02 

f  Pounds  of  steam  present  per  hour  in  th«'  1st  cylinder  at 
the  i)oint  of  cuttin<;  otl'the  steam,  calculated  tVoni  tiic 
jtressu re  there,        .....        '.'sO'.'iT-Vi 

Pounds  of  steam  present  per  hour  in  the  1st  cylintKr  at 
the  end  of  the  stroke  of  its  piston,  calculated  from  tip 
pressure  tlu-re,        .....         -■'oii.3(>> 

Pounds  of  steam  c«)ndensed  per  hour  in  tiie  Isi  cylin<ler 
to  furnish  tiie  heat    transmitted  into  the  total  iiorse>- 
power  developed   in   that  cylinder  hy  tlie  expan<lcd 
steam  alon»'.  .....  4")lt>3y 

Sum  of  the  two  imnu-diately  precedinj.j  quantities.  •  '>  ■>!44 

Pounds  of  steam  present  per  hour  in  tlie  2d  cylindi-r  at 
the  end  of  the  stroke  of  its  piston,  calculated  from  the 
pressure  there.         .....        1<H»4-7.S.J4 

Pounds  of  steam  condensed  per  hour  in  the  1st  and  I'd 
cylimU-rs  to  furnish  the  heat  transmitted  into  the  total 
horses-powers   developed    in    thosf   cylinders    l>y  the 
e.xpanded  steam  alone,  ....         llM\s7o2 

Sum  of  the  two  immediately  prei-edin^r  quantities,  .  lli'if»j<)8fi 

Pounds  of  steam  present  per  hour  in  the  :ul  cylinder  at 
the  en<l  of  tlu' stroke  of  its  |)iston,  calculatiHl  fmm  the 
mean  t»f  the  pressures  there  for  tin-  down  •stroke  and 
the  up  stroke  of  tlu' piston.  .  111"5'378<» 

P«>unds  of  steam  conden.sed  per  hour  in  the  1st,  lM  and 
;{d  cylin«lers  to  furnish  the  heat  transmitted  into  tin- 
total  horses-jMtwer  tlevelojK'd  in  tijose  cylinders,  l>y 
tlie  e.xpanded  steam  alone,  .  l'.»'.cllo4 

Sum  of  tin-  two  immediately  pre«'edin,ir  quantities  l.>17-41»34 
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Pres.sure  on  Itottom  of  piston  of  3d  c.\iin<ler  at  coni- 
nieiicement  of  its  stroke,  in  i)ound.s  ])t'r  .square  inch 
above  zero,  .  .  .  .  .  2\'%\ 

Pressure  on  bottom  of  jjiston  of  3d  cylinder  at  the  point 

of  cutting  off  til e  steam,  in  pounds  per  square  inch 

above  zero,  .....  17'55 

Pressure  on  bottom  of  piston  of  3d  cylinder  at  the  end 

of  its  stroke,  in  pounds  per  square  inch  above  zero,     .  7'66 

Mean  back  pressure  against  bottom  of  piston  of  3d  cyl- 
inder during  its  stroke,   in  pounds  i^er  square  inch 

aliove  zero,  .....  4*44 

Back  ijressure  against  bottom  of  piston  of  3d  cylinder  at 

commencement  of  its  stroke,  in  pounds  per  square 

inch  above  zero,      .....  4'0o 

Indicated  pressure  on  bottom  of  jjiston  of  3d  cylinder, 

in  iwunds  per  square  inch,  .  .  .  10*247 

Net  i)ressure  on   bottom  of  piston   of  3d   cylinder,   in 

pounds  per  square  inch,       ....  8"247 

Total  i^ressure  on  bottom  of  jjiston  of  3d   cylinder,  in 

l)ounds  per  square  inch,       .  .  .  .  14"687 

Indicated  horses-power  developed  in  the  1st  cylinder,  29*0173 

Indicated  horses-power  develojied  in  tlie  2d   cylinder,  14*6746 

Indicated  horses-power  developed  in   the  3d   cylinder 

(down  stroke  of  piston),       ....  16*6570 

Indicated  horses-power  developed   in    tlie  3d   cylinder 

(up  stroke  of  piston),  ....  20*3834 

Aggregate  indicated  horse.s-i^ower  developed  in  all  the 

three  cylinders,      .....  80*7323 

Xet  hoi'ses-power  developed  in  the  1st  cylinder,       .  28*5514 

Net  horses-power  develoj^ed  in  the  2d  cylinder,  .  12*794o 

Net  horses-power  developed  in  the  3d  cylinder  (down 

stroke  of  iiiston),    .....  12*6199 

Net  horses-power  develoi^ed   in    the    3d   cylinder    (up 

stroke  of  piston),    .....  16*4050 

Aggregate  net  horses-power  developed  in  all  the  three 

cylindei-s,  .  .  .  .  .  70*3703 

Total  horscs-i^ower  developed  in  the  1st  cylinder,     .  38*6233 

Total  horse.s-power  developed  in  the  2d  cj^linder,  .  29*3869 

Total  horses-power  developed  in  the  3d  c^dinder  (down 

stroke  of  piston),   .  .  .  .  .  13*2643 

Total  horses-power  develoiied   in  the  3d  cylinder  {u\» 

stroke  of  piston),    .....  15*4050 

Aggregate  total  horse-power  developed  iii  all  the  three 

cylinders,  ...  .  .  .  96*6795 

Total  horse.s-power  developed  by  the  exi)anded  steam 

alone  in  the  1st  cylinder,     ....  15*6233 

Total   horses-power  developed  by  the  expanded  steam 

alone  in  the  2d  cylinder,      ....  29*3860 

Total  horses-power  developed  by  the  expanded  steam 
L     alone  in  the  3d  cylinder,      ....  28*6693 
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I'oiiimIs  <»f  Htciijii  t'va|)orat«'(l  jx-r  iioiir  in  tlu-  lioik-r  <tii 
tin-  HiipiKisitioii  tliiit  tliis  \v«-i;;lit  was  iM|ual  to  tin- 
wciglit  (if  .steam  acroiinfi-d  for  l»y  the  indicator  at  tijc 
<ii<l  of  tlu'  stroke  of  the  piston  of  tlie  .'{(1  cylinder 
plus  ]'2l-UUU-2  pounds  condensed  in  that  cylinder  iiv 
other  causes  llian  tiie  developnient  of  the  jiower  ;  thi> 
ll'ri)i»!»J  pouiuls  is  ealculated  from  the  weight  <if 
]47*2-").'W  pounds  condensed  per  iiourin  the  ."id  <-ylinder 
(hiring  the  exjierinjent  mad*-  at  the  New  York  Navy 
Yard  on  the  machinery  of  tlie  Anthracite,  divided  l»y 
the  ratio  1*207  of  the  difK-rence  lietween  the  temi»era- 
turesofthe  initial  steam  in  tl)at  cylinder  on  its  piston 
an<i  of  the  lta«"k  pressure  steam  against  it  at  the  com- 
mencement of  the  stroke  in  that  i'X|)criment  and  in 
tlie  present  one.  In  the  Navy  Yard  experiment  tin- 
temperature  of  the  initial  steam  on  the  piston  of  the 
'M\  cylinder  wa.s  24o'7(>  decrees  F'nhrenheit,  and  tlie 
temperature  of  the  minimum  i>ack  jiressure  a^ruinst 
that  piston  was  lou-i'o  decrees  Fahrenheit;  di(!ercnce 
•J5'61  decrees  Fahreidieit.  In  Mr.  BramweH's  e.\p«'ri- 
nient  the  temperature  of  steam  of  the  initial  pressure 
on  the  piston  of  the  .id  cylinder  was  23(i"U(»  (le^rrees 
Fahrenh«-it,  and  the  t«-mperature  of  the  ndnimum 
liaek  pressure  ay:ainst  it  was  lol'47  decrees  Fahrenheit  ; 
diderence  7!»-i:j  Fahrenheit.  An«l  '^:.  ]\  1-2U7,  the 
ratio  used  ahovc,     ..... 

I'ounds  of  coal  con>»unit  d  per  hour  per  indit  ated  iiorse- 
power,        ...... 

I'ounds  of  coal  consumed  per  lutur  per  net  horse-}>owt'r, 

I'ounds  of  c(»al  consumetl  per  hour  per  total  horse-powt-r, 

P<iunds  of  eond)U.stitiIe  consumed  per  hour  per  indicalcil 
horse-power,  ..... 

I'ounds  of  comhustiltle  consumed  per  hour  per  net  hor>c- 
l>ower,         ...... 

Pounils  of  eond)Ustil'le  consumed  per  hour  |)er  total 
horse-power,  ..... 

Pounds  of  feetl  water  consumed  per  hour  per  indi'Ml.il 
horst-power,  ..... 

Pounds  of  feed  water  consumed  jur  hour  per  net  hoix- 
power.         ...... 

i  Poumls  of  teed  water  consumed  per  liour  per  total  horse- 
power, ...... 

Fahrenheit  units  of  heal  consumed  per  imur  \^vv  indi- 
cated hoixe-power,    ..... 

Fahrenheit  units  of  heat  con.-<ume<l  pt  r  hour  per  net 
horsi'-power,  .... 

Fahrenheit  units  of  jieat  eoiisumed  per  hour  per  total 
horse-power.  ..... 
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f  Difference  in  pounds  per  hour,  between  the  weight  of 
water  vaporized  (14o9"4926  pounds)  in  tlie  boiler  and 
tlie  weiglit  of  steam  accounted  for  by  tlie  indicator  in 
the  1st  cylinder  at  the  point  of  cutting  off  the  steam, 

Difference  in  per  centum  of  the  weight  of  water  vapor- 
ized in  the  boiler,  between  that  weight  and  tlie  weight 
of  steam  accounted  for  by  the  indicator  in  the  1st  cyl- 
inder at  the  point  of  cutting  off  the  steam,    . 

Difference  in  jjounds  i)er  hour,  between  the  weight  of 
water  vaporized  in  the  boiler  and  the  weight  of  steam 
accounted  for  by  the  indicator  in  the  1st  cylinder  at 
the  end  of  the  stroke  of  its  piston,    . 

Difference  in  per  centum  of  the  weight  of  water  vapor- 
ized in  the  boiler,  between  that  weight  and  the  weight 
of  steam  accounted  for  by  the  indicator  in  the  1st  cyl- 
inder at  the  end  of  the  stroke  of  its  piston,     . 

Difference  in  pounds  per  hour,  between  the  weight  of 
water  vaporized  in  the  l)oiler  and  the  weight  of  steam 
accounted  for  by  the  indicator  in  the  2d  cylinder  at 
the  end  of  the  stroke  of  its  piston,    .  •     . 

Difference  in  per  centum  of  the  weight  of  water  vapor- 
ized in  the  boiler,  between  that  Aveight  and  tlie  weight 
of  steam  accounted  for  by  the  indicator  in  the  2d  cyl- 
inder at  the  end  of  tlie  stroke  of  its  ])iston,    . 

Difference  in  pounds  per  hour,  between  the  weight  of 
Avater  vaporized  in  the  boiler  and  the  weiglit  of  steam 
accounted  for  by  the  indicator  in  the  3d  cylinder  at 
the  end  of  the  stroke  of  its  piston,    . 

Difference  in  per  centum  of  the  weight  of  water  vai)or- 
ized  in  the  boiler,  between  that  weight  and  the  weight 
of  steam  accounted  for  by  the  indicator  in  the  8d  cyl- 
inder at  the  end  of  the  stroke  of  its  piston,    . 

r  Number  of  pounds  of  water  that  would  liave  been  vai)or- 
ized  in  the  boiler  per  hour  had  the  feed  water  been 
supplied  at  the  temperature  of  100  degrees  Fahrenheit 
and  .vajiorized  under  the  atinosi)heric  i>ressure  of 
2992  inches  of  mercury,        .... 

Number  of  pounds  of  water  that  would  have  been  vapor- 
ized in  the  boiler  per  hour  had  the  feed  water  been 
supplied  at  the  temperature  of  212  degrees  Fahrenheit 
and  vaporized  under  the  atmospheric  pressure  of 
29"92  inches  of  mercury,        .... 

Pounds  of  water  vaporized  from  100  degrees  Fahrenheit 
by  one  pound  of  coal,  .... 

Pounds  of  water  vaporized  from  100 degrees  Fahrenheit 
by  one  pound  of  combustible, 

Pounds  of  water  vaporized  from  212  degrees  Fahrenheit 
by  one  pound  of  coal,  .... 

Pounds  of  water  vaporized  from  212  degrees  Fahrenheit 
by  one  pound  of  combustible,  .  .  . 
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Mean  iiidicatcfl  pressure  on  the  i)istoii  of  tlie  3<l  cylin- 
der, equivalent  to  the  sum  «)f  the  indicated  pressure 
on  that  piston  and  of  the  indicated  pressures  on  the 
pistons  of  the  2d  and  1st  cylinders  reduced  respectively 
in  the  ratio  of  the  areas  of  the  pistons  of  the  2d  and 
1st  cylinders  to  that  of  the  8d  cylinder,  and  for  the  fact 
of  the  2d  and  1st  cylinders  heinjr  sinju:le  acting,  while 
the  od  cylinder  is  doul>le  acting,  in  pounds  per  sfjuare 
inch,  ......  20  U»i4 

Mean  total  pressure  which  appliec^  to  the  pist<»n  of  the 
Hd  cylinder  would  produce  the  total  horses-p<jwer  de- 
veloped by  the  engine,  provided  the  indicated  pressure 
on  that  pLston  was  the  above  20*1464  pounds  i)er  sijuare 
inch,  ......  24-12:U 

Per  centum  of  the  mean  total  i)ressure  on  the  pistons  of 
the  tliree  cylinders  utilized  as  indicated  pressure,  8;VoU 

Mean  net  pressure  on  the  piston  of  the  3d  cylinder, 
ecjuivalent  to  the  sum  of  the  net  pressure  on  that  pis- 
ton and  of  the  net  pressures  on  the  pistons  of  the  2d 
and  1st  cylinders  reduced  respectively  in  the  ratio  of 
the  areas  of  the  pistons  of  the  2d  and  1st  cj-linders  to 
that  of  the  3d  cylinder,  and  for  the  fact  of  the  2d  and 
1st  cylinders  l)eing  single  acting,  while  the  3d  cylinder 
is  doultle  acting,  in  jiounds  per  s<iuare  inch,  .  .  17"o6<»S 

Per  centuni  of  the  mean  total  pressure  on  the  jtistons  of 
the  three  cylinders  utilized  as  net  pressure,    .  .  72*80 

CoMPARisox  OF  Tin:  Two  Experiments. 

Tlie  most  cursory  glance  at  the  re.sults  ot"  the  experiment  made  <»n 
the  niachinerv  of  the  Anthracite  bv  the  Board  of  Naval  Enirineer«  at 
New  York,  and  by  Mr.  Bramwell  in  England,  shows  a  wide  ditter- 
ence,  and  it  will  be  interesting  and  instructive  to  trace  the  cause  and 
to  reconcile  the  discrepancy.  This  seems  a  ditticult  task  when  the 
indicated  horse-power  cost  in  the  former  experiment  1^"7115  iJmnids 
of  coal  per  hour,  and  in  the  latter  experiment  TTll  1  pounds.  \>'t  this 
chasm  can  be  bridged. 

Referring,  now,  to  the  tables  containing  the  data  and  results  ot'  the 
experiments,  it  will  be  seen  from  the  quantities  gnuiptnl  under  the 
head  of  "ditterence  between  the  weight  of  water  vaporizeil  in  the 
l)oiler  and  the  weight  of  steam  accounted  for  by  the  indicator"  that 
the  proj>ortion  which  the  latter  is  of  the  former  is  greatlv  les>  in  the 
experiment  made  by  the  Naval  Engineers  than  in  Mr.  Jh-amwell's 
experiment;    in    other   words,   the   cylinder  coiulensation    was    much 
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greater  in  tlie  Engineers'  experiment  than  it  was  in  Mr.  Bramwell's. 
The  following  are  the  exact  figures  for  the  periods  stated. 


Exi)eriinent  bv     -r^         •         ^  i 
r>        1    r  •       Jl,xpenment  by 
Board  of         ^^[  Bramvveri. 
jNaval  Jino^ineers. 


Difference  in  j^er  centum  of  the  weight  of] 
water  vaporized  in  the  boiler,  between  | 
that  weight  and  tlie  weight  of  steam  ac-  [ 
<:-ounted  for  by  tlie  indicator  in  the  first  I 
cylinder  at  the  point  of  cutting  off  the  | 
steam,  •  J 

Difference  in  per  centum  of  the  weight  of  | 
water  vaporized  in  the  boiler,  between  | 
that  weight  and  the  weight  of  steam  ac- 
counted for  l^y  the  indicator  in  the  first 
cylinder  at  tlie  end  of  the  stroke  of  its  , 
piston,  j 

Difference  in  per  centum  of  the  weight  of 
water  vaporized  in  the  boiler,  between 
that  weight  and  the  weight  of  steam  ac- 
counted for  by  the  indicator  in  the  second  I 
cylinder  at  the  end  of  the  stroke  of  its  | 
piston,  J 

Difference  in  i>er  centum  of  tlie  weight  of 
water  vaporized  in  the  boiler,  between 
that  weight  and  tlie  weight  of  steam  ac- 
counted for  l\y  the  indicator  in  the  third 
cylinder  at  the  end  of  the  stroke  of  its 
piston, 


00-76 


o6-22 


88-41 


10-05 


31-27 


34-90 


21-53 


8-47 


In  the  Engineers'  experiment  the  pressure  of  the  steam  at  the  com- 
mencement of  the  stroke  of  the  piston  of  the  first  cylinder  was  201  "64 
pounds  per  square  inch  above  zero,  and  in  Mr.  Braniwell's  experiment 
it  was  205*03  pounds.  The  back-pressure  against  the  piston  of  the 
third  cylinder  was  very  nearly  the  same  in  both  experiments,  so  if  the 
steam  was  in  the  same  condition  as  regards  superheating  in  both 
■experiments,  the  diiference  between  the  extreme  temperatures  in  the 
cylinders  in  both  cases  was  insignificant,  and  this  difference  is  a  mea- 
sure—other things  equal — of  the  cylinder  condensation.  But  so  far 
from  other  things  being  equal,  there  were  great  inequalities  during  the 
two  experiments  in  two  important  particulars.  1st.  The  steam, 
though  greatly  throttled  in  the  Engineers'  experiment  by  the  small 
cross  area  of  the  steam  pipe,  notwithstanding  the  throttle  valve  was 
kept  wide  open,  w^as  much  more  throttled  in  Mr.  Brarawell's  experi- 
ment by  the  combined  small  area  of  the  steam  pipe  aud  the  partial 
closing  of  the  throttle  valve.  The  throttling  in  the  first  case  caused 
a  reduction  of  the  boiler  pressure  of  129*59  pounds  per  square  inch 
when  the  steam  entered  the  first  cylinder,  and  in  the  second  case  caused 
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a  similar  reduction  til"  1()(I"(>({  |»<>iiii<U  |»<rr  sfjiian-  iiidi.  The  <u|)er- 
iHiiitiug  in  the  first  euiie,  duo  to  the  ditiereix-e  lielwcoii  the  tem|«Tatuif 
of  tfie  steatn  in  the  hoiler  and  its  temperature  in  the  Hrst  eviindei-  at 
the  heginninij:  of  the  r^troUe  of  its  piston,  was  3o  ilegrees  Faijn'uhe'it. 
and  in  the  seeond  ca-se  the  similar  siiperheatin<»;  wa.s  4o  degrees  Fah- 
renheit. In  the  seeond  ease,  also,  tlie  engine  wjt<  supplieHl,  owinii  to 
the  greater  throttling,  with  drier  steam,  inde|)endently  of  the  super- 
heating. JJoth  the  causes  just  .state<l  o|)erate  to  lessen  the  cylinder 
condensation  mitre  in  Mr.  Hramwell's  than  in  the  Engineers'  e.vperi- 
ment. 

2(1.  In  Mr.  Uramwell's  e.\j>eriment  the  pistons  ol"  the  engine  ma<le 
l.iO"3881  double  strokes  per  minute,  while,  in  the  Engineers'  ex|»eri- 
ment,  they  made  only  10*j'0278*2  doiilde  stroke-s.  The  initial,  final 
and  mean  pressures  on  the  ]>ist«»ns  were  nearly  thesjime  in  Ixtth  experi- 
ments, the  greater  nund)er  of  douhle  str<jkes  of  |)istons  in  e«pial  time 
made  during  Mr.  BramweU's  experiment  heing  due  to  the  f;u-t  that 
the  vessel  was  then  in  free  route,  while  during  the  Engineers'  experi- 
ment she  wjis  held  stationary  to  the  dock.  Now,  with  Uie  juM  men- 
tioned pressures  on  the  pinto iiif  inainfained  coustdnf,  tiie  weight  of  steam 
eonsiuned  per  hour  i)y  the  engine  would  i>e  in  the  ratio  of  the  numlier 
of  dotd)Ie  strokes  made  hv  the  pistons,  while  the  weight  of  st«'am  con- 
densed per  hour  in  the  cvlinder  W(»uld  remain  se-nsildy  <'onstant,  the 
interior  surfaces  of"  the  cvlinder  heing  in  hotli  cases  half  the  time 
exposed  to  tlu-  steam  tem|)erature  and  half  the  time  to  the  exhaust 
temperature,  so  that  although  the  cylinder  eondensation  reinaine<l  con- 
stant in  weight  of  steam  eondeiised  per  iiour,  yet  this  weight  l>ei'ome> 
a  less  and  less  |)ro|)ortion  of  the  wi'ight  of  steam  evaporattnl  per  hour 
in  the  l)t)iler  as  the  speed  of  the  piston  hecoines  greater  and  greater; 
hence,  there  is  an  economic  gain  with  increased  speed  of  piston,  flu 
liiston  pressure  reimiiniiu/  constanf.  These  remarks,  however,  :tp|>ly 
only  when  cylinder  condensati(»n  exists,  and  in  proportion  to  its  extent, 
the  gain  being  due  wholly  to  the  lessening  of  the  jK-r  (vntum  ot"  that 
condensation.  When  no  such  condens;iti«tn  exists  the  cost  ot"  the  power 
in  heat  is  iniaflected  by  the  speed  of  tin;  piston. 

riie  per  eentinn  of  eylinih'r  condensation  shoidd,  owing  to  theal»ov« 
causes,  be  certainly    less   in    Mr.  UramweH's  than   in   the    Engintvi>" 
experiment,  and  the  determinations  show  the  ditfi-rence  to  l>e  very  cou- 
sideral)U',  as  might  be  expected  from  the  great    pero-ntage  t»f  this  con- 
densation in  the  Engineers'  ex[teriment.      l'\tr  example,  the   dinerenee 
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between  the  weight  of  steam  condensed  at  the  point  of  cutting  off  in 
tlic  first  cylinder  is,  in  the  two  experiments,  (56"76  —  31*27  =) 
25'49  per  centum  of  the  weight  evaporated  in  the  boiler.  At  the  end 
of  tlie  stroke  of  the  piston  of  the  first  cylinder  it  is  (56-22  —  34-99  =) 
21-23  i)er  centum.  At  the  end  of  the  stroke  of  the  piston  of  the 
second  cylinder  it  is  (38-41  —  21-53  =)  16-88  per  centum.  And  at 
the  end  of  the  stroke  of  the  piston  of  the  third  cylinder  it  is  (10-Uo 
—  8-47  =)  1-58  per  centum. 

There  must  now  be  examined  whether  the  diiference  in  the  per 
centum  of  the  cylinder  condensations  in  the  two  experiments  will 
account  for  the  difference  in  the  heat  cost  of  the  powers  developed 
respectively. 

In  the  first  cylinder,  during  the  Engineers'  experiment,  there  were 
utilized  of  the  total  weight  of  steam  evaporated  in  the  boiler 
(100-00  —  56-22  =)  43-78  per  centum;  but  if  the  cylinder  condensa- 
tion had  been  the  same  per  centum  as  during  Mr.  Bramwell's  experi- 
ment the  percentage  utilized  would  have  been  (lOQ-OO — 34-99=)  65-01, 
so  that  the  total  horses-power  developed  in  that  cylinder  during  the 
Engineers'  experiment,  instead  of  being  28-8902,  would  have  been 
/28-81)02  X_65:M  ^x^,.goQo 
V  43-78  I 

In  the  second  cylinder,  during  the  Engineers'  experiment,  there 
were  utilized  of  the  total  weight  of  steam  ev^aporated  in  the  boiler 
(lOO'OO  —  38-41  =)  61-59  per  centum;  but  if  the  cylinder  condensa- 
tion had  been  the  same  per  centum  as  during  Mr.  Bramwell's  experi- 
ment the  percentage  utilized  would  have  been  (100-00 — 21-53=)  78-47, 
so  that  the  total  horses-power  developed  in  that  cylinder  during  the 
Engineers'  experiment,  instead  of  being  23*2490,  would  have  been 
23-2490  X  78*47 


( 


30*8949. 


61-59 

In  the  third  cylinder,  during  the  Engineers'  experiment,  there 
were  utilized  of  the  total  weight  of  steam  evaporated  in  the  boiler 
(100-00  —  10-05  =)  89-95  per  centum;  but  if  the  cylinder  condensa- 
tion had  been  the  same  per  centum  as  during  Mr.  Bramwell's  experi- 
ment the  percentage  utilized  would  have  been  (100-00—8-47=)  91-53, 
so  that  the  total  horses-power  developed  in  that  cylinder  during  the 
Eno^ineers'  experiment,  instead  of  being  28-0133,  would  have  been 
/28-0133  X  91-53  X  28-5054. 
V  89-95  ) 
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The  sum  of"  tlie  above  new  total  hcrscs-power  is  (42-00004-30-894!» 
--28'5054=)  102'3003,  whieli  is  what  the  engine  wouhl  have  devel- 
()j)ed  dnrino-  the  Engineers'  experiment  with  tlie  weight  of  steam  tlien 
evaporated  in  the  l)oiler,  had  tlie  cylinder  condensation  heen  tlie  same 
per  centum  as  in  Mr.  Brainwell's  experiment.  Dividing  the  weight  of 
steam  evajiorated  in  the  boiler  during  the  engineers'  experiment  by  the 
new  total  horses-power,  there  results  for  the<;ost  of  the  total  horse-power 

/  146o-11822^\-,^.o,^,-  p,,(„„is  ,,f  focd-watcr  per  hour,  cfoiivaient 
V    102-300:3       / 

to  (14-3217  X  1121-4=)  1(>060-:)1)92  Fahrenheit  units  of  heat,  in 
Mr.  Bramwell's  ex[)eriment  the  total  horse-power  cost  14-8893  pound> 
of  feed  water  per  hour,  equivalent  to  16719-1503  Fahrenheit  units  of 
heat,  the  discrepancy  being  al)out  4  per  centum  of  the  greater  quantity, 
a  very  close  approximation,  which  includes  all  errors  of  observation, 
calculation  and  assumption.  It  is  therefore  clear  that  the  difference 
in  the  cost  of  the  power  during  the  two  experiments  was  wholly  due 
to  and  measured  by  the  difference  of  the  cylinder  condensations,  and 
no  other  reason  can  be  given  why  the  condens.itions  should  have  dif- 
fered so  widely  than  the  less  amount  of  superheating  })ossessed  by  the 
boiler  steam  in  one  exi)eriment  than  in  the  other,  and  the  greatly  less 
speed  of  piston  with  equal  |)iston  pressures. 

Taking,  in  the  case  of  the  two  experiments,  the  number  of  Fahren- 
heit units  of  lieat  consumed  per  hour  per  total  horse-power  for  the 
measure  of  the  e(;onomic  results,  and  assuming  that  cost  in  the  engi- 
neers'   experiment    as    unity,    the    performance  of  the  machinery  in 

,.  p  11,  .  "  /20498-22  — 16719-15  X  100  \ 
Mr.    J>ramwell  s    experiment    was   I — =:  I 

V  "20498-22  / 

18-346  per  centum  superior.  Tliis  18-346  per  centum  was  the  measure 
of  the  gain  obtainable  from  the  greater  degree  of  superheating  possessed 
by  the  boiler  steam  in  the  latter  experiment,  and  the  greater  speed  of 
piston  with  equal  ])iston  pressures,  a  gain  not  ditficult  to  realize  by 
these  means  in  an  engine  having  the  excessive  cylinder  condensations 
of  that  of  the  Anflinicif( . 

The  gain  due  to  superheating,  per  se,  which  is  as  obtainable  from 
one  kind  of  machinery  as  anothr'r,  must  be  kept  separate.  It  is  one 
thing,  and  any  gain  due  to  high  boilei-  j>ressures  and  large  measures  of 
expansion  is  another  thing  of  a  totally  din'erent  kind.  The  two  should 
not  be  mingled  and  confused  in  comparing  the  performances  of  dil- 
ferent  methods  of  using  steam. 
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Wlien  experiments  are  made  on  machinery  employing  superheated 
steam  the  temperature  of  the  steam  must  be  accurately  given,  other- 
wise the  results  are  misleading,  unintelligible  and  incapable  of  correct 
comparison  with  those  of  experiments  in  which  saturated  steam,  or 
steam  of  a  lower  or  higher  or  lower  degree  of  superheating  is  employed. 

The  relative  water  vaporizing  powers  of  the  diiferent  coal  used  iii 
the  two  experiments  may  be  ascertained  from  the  data  corrected  for 
the  diiference  in  the  conditions.  Mr.  Bramwell's  experiment  lasted 
11  hours  and  10  minutes  consecutively;  "Nixon's  Navigation  Coal'* 
was  burned  with  slow  combustion,  giving  only  5  per  centum  refuse  in 
the  form  of  a  loose  white  ash  without  clinker,  consequently  there  was 
no  cleaning  of  the  tire  requiring  the  furnace  door  to  be  kept  open  long^ 
enougii  for  breaking  up  and  removing  clinker;  the  tire  only  needed 
pricking  from  below  the  grate.  The  Engineers'  experiment  lasted 
23  hours  and  58  minutes  consecutively;  semi-bituminous  coal  of  a 
quality  below  the  average  was  burned  at  a  higher  rate  of  combustion, 
giving  17*6363  per  centum  refuse,  one-half  of  which  was  clinker  in 
large  masses  requiring  the  furnace  door  to  be  kept  open  long  enough 
to  break  it  from  the  grate  and  remove  it  through  the  door.  The  results 
of  several  very  complete  experiments  on  the  "  Murphy  shaking  grate, 
etc.,"  made  in  1878  by  a  Board  of  Chief  Engineers  of  the  Navy,  of 
which  the  writer  was  the  presiding  officer,  showed  that  the  coml)ustil:)le 
portion  of  coal  underwent  an  economic  loss  of  0"393o  per  centum  for 
every  one  per  centum  the  crude  coal  contained  in  refuse  removed 
through  the  furnace  door.  Accepting  this  determination,  the  combus-  . 
tible  portion  of  the  coal  consumed  during  the  engineers'  experiment 
was  reduced  in  vaporizative  power  (17*6363  X  0*3935  =)  6*9399  per 
centum  relatively  to  the  coal  consumed  in  Mr.  Bramwell's  experiment, 
on  which  no  such  reduction  is  to  be  made. 

The  pound  of  the  combustible  portion  of  the  coal  vaporized,  in  Mr. 
Bramwell's  experiment,  from  the  temi)eraturc  of  1^12  degrees  Fahren- 
heit and  under  the  standard  atmospheric  pressure,  12*7519  pounds  of 
water. 

The  pound  of  the  combustible  portion  of  the  coal  vaporized,  in  the 
Engineers'  experiment,  from  the  same  temperature  and  under  the  .same 
pressure,  11*2515   pounds  of   water,   which,  corrected  for  the  above 

6*9399  per  centum  due  to  the  refuse,  becomes  (100*0000  — "6^839¥7 
11*2515:  :10O-OOOO:)  12*0906  pounds.     Consequently  the  pornKVof 
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tlio  coiiihiistibh,'  portion  (»f  ''Nixon's  navi<^.itioii  coal  "  wjls  intrinsically 
/  12-7519  —  12-0000  X  100 


=  1  ."r47   per  centnni  ■^nperior  in   water 


V  120{»0(> 

vaporizutivo  power  to  the   ponn<l  ot"  the  cunibu.'itible  \)  »rtion  ot"  the 

Cumberland  semi-bituminous  coal.     That  is  to  say,  if  both  coaU  hail 

the  same  percentage  and  kind  of"  refuse  such  wouhl  l>e  tfieir  rehitive 

value   in   water   heating  ettect.     This  ditference   may   very  easily  be 

aihiwed. 

The  very  great  difference  in  tlie  water  vaj)orizative  power  of  e<jual 
weights  of  the  two  cru<le  coals  prevents  their  use  for  measuring  the 
economic  performances  of  the  maciiiuery  in  the  two  ca.se.s. 


THK  W  i:AUI.\<i  I'OW  KliOF  STEEL  KAIES  JX  liELATloX 

TO  THEIK  CHEMICAL  COMPOSITION  AND 

PHYSICAL  PROPERTIES.* 


I5y    C11AKLE.S  13.  Di'DLEV,  Ph.D.,  Chemist    Pennsylvania    Railroail 
Company,  Altoona,   Pa. 

lif:i<l    at   tlie  Pliilatlelpliia  Mfeting  of  the  Atnerican    Institute  of  Mining    Engineer*. 
1k'1<1  at  tlie  Franklin  Institute,  Ffl>ruarv  17,  1S.S1. 


TllKo.  N.  Ely,  Es(j.,  Superintendent  of  Motive  Power,  Penusvlvania 
Railroad. 
DiOAi:  Sir — It    is   iKtw  nearly  three  years   since   my  first  rej»ort  to 
you  on  the  subject  of  steel  rail>  wil-^  written.     That  re[)ort,  as  V(»u  will 

*  At  the  Luke  (ie<irge  ineerin<:  nf  tlie  Institute  in  (.)ctol»er,  ISTS,  1  IkuI  the  hunor 
iif  presenting  to  the  Institnte,  through  the  kiml  permission  of  the  ottieers  of  the  Penn- 
sylvania Kailroail  Company,  the  results  of  a  study  of  twenty-five  examples  of  Meel 
rails,  wliioh  had  all  i)een  in  aetiial  service.  Considerable  disenssion  followed  the  puli- 
lieation  (»f  that  paper,  and  there  seenie«l  to  he  a  strong  disinclination,  especiallv  on 
till'  part  of  the  steel  rail  manufacturers,  to  accept  the  conclusions  presente«l.  One  of 
the  principal  ohjections  urged  against  the  conclusions  dniwii  wa'<  tiiat  tliev  were  li:Lse«l 
on  too  few  samples ;  in  other  wonls,  that  no  conclusions  sjife  to  act  niK>n  i-onUl  l>e 
drawn  from  the  examination  of  twenty-Hve  rails.  In  view  of  this  criticism  it  wa> 
decidinl  to  repeat  the  investigation  with  a  larger  niiml>er  of  samples,  and  with  the  aiil 
of  the  experience  gaine<l  in  the  tiiNt  investigiUion.  The  results  of  this  setH>nd  studv 
of  steel  rails  are,  by  the  permission  of  the  otKcers  of  the  Pennsylvania  I^iilniad  Com- 
pany, herewith  presented  to  the  Institute,  with  the  sincere  desire  that  thev  mav  aid 
ill  adding  to  our  knowledge  of  this  most  imjiortant  pnxluct.  Like  the  previous  pajter, 
this  is  in  the  form  of  a  rejiort  to  one  of  the  ofticers  of  tile  companv,  which  will  anivmt 
for  the  style,  and  the  manner  of  presenting  the  data. 
>Viioi.K  No.  Vol.  CXI. — vTiiiia>  Skuius,  \'o1.  Ixxxi.)  12 


178  Dudley — Steel  Rails.  [Jour.  Frank.  Inst , 

remember,  dealt  principally  with  the  question  of  the  relation  between 
the  chemical  composition  and  physical  properties  of  steel  rails  and 
their  power  to  resist  crushing  and  fracture  in  actual  service.  Other 
matters  were  referred  to  or  touched  upon  in  that  report,  but  the  main 
question  was.  Why  do  some  rails  crush  or  break  in  service  while 
others  do  not?  You  will  doubtless  remember  that  the  principal  con- 
clusion arrived  at  was,  that  the  softer  rails  are  less  liable  to  crush  or 
break  in  service  than  the  hard  ones.  Or,  in  other  words,  so  far  as 
conclusions  could  be  drawn  from  the  chemical  analysis  and  physical 
test  of  25  samples  of  steel  rails  which  had  actually  been  in  service, 
these  conclusions  were  that  those  rails  Avhich  have  the  smaller  amounts 
of  carbon,  phosphorus,  silicon  and  manganese  are  less  liable  to  crush 
or  break  in  service  than  those  which  have  larg-er  amounts  of  these 
elements.  Or,  again,  looked  at  in  the  light  of  i)hysical  tests,  those 
rails  which  have  the  lower  tensile  strength  and  the  greater  elongation 
are  the  ones  which  give  the  least  trouble  from  breaking  or  crushing  in 
track. 

In  the  report  just  referred  to,  the  question  of  the  wearing  power  of 
steel  rails  was  not  made  })romincnt,  and  from  that  report  no  positive 
and  definite  information  could  be  obtained  as  to  what  quality  of  steel 
would  give  rails  that  would  endure  the  greatest  amount  of  traffic  with 
the  least  lo.ss  of  metal.  And  yet,  of  the  three  principal  causes  which 
occasion  the  removal  of  rails  from  the  track,  viz.,  broken,  crushed 
and  worn  out,  perhaps  the  latter  is  of  the  most  importance.  Witli 
the  improvement  in  maintenance  of  way  which  has  characterized  the 
Peiuisylvania  Railroad  during  the  last  five  or  six  years,  the  removal 
of  rails  from  track  from  the  first  two  of  these  causes  has,  if  I  am 
right,  quite  notably  diminshed.  This  certainly  is  true  with  regard  to 
broken  rails.  And  if,  as  time  advances,  the  number  of  crushed  rails 
shall  diminish,  both  because  of  the  continued  improvement  in  main- 
tenance of  way,  before  referred  to,  and  because,  owing  to  improved 
and  better  methods  at  the  steel  works,  there  are  fewer  crushed  rails 
caused  by  physical  defects  in  the  steel,  the  question  of  the  wearing 
power  of  steel  rails  obviously  l>ecomes  the  all-important  one.  In  view 
of  these  eonsideration.s,  it  was  thought  that  an  investigation  into  the 
relation  between  the  Avearing  power  of  steel  rails  and  their  chemical 
composition  and  physical  properties  could  not  fail  to  throw  light  upon 
a  question  of  vital  importance  in  the  management  of  the  Pennsylvania 
Railroad.     The  results  of  such  an   investigation  are  presented  in  the 
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following  report,  wliicli  deui.^  not,  as  <li<l  the  previous  report,  with  the 
relations  between  the  chemical  and  jjhysical  characteristics  ot"  steel 
j-ails  and  their  power  to  resist  crashing  or  fracture,  l)ut  entirely  with 
tlic  relation  between  these  characteristics  and  wear. 

On  any  railroad  the  rails  are  or  may  be  called  u|)on  to  perform 
their  service  under  (piite  varying  conditions.  On  a  railroad  like  the 
Pennsylvania  Railroad,  for  example,  there  are  levels  and  grades,  and 
there  are  tangents  and  curves,  and  there  are  combinations  of  the 
levels  and  jjrades  with  the  tangents  and  curves.  Moreover,  the 
rails  on  the  high  sides  of  curves  do  their  service  under  different 
conditions  from  those  on  the  low  sides  of  curves.  So  that,  as  far 
as  kind  of  service  is  concerned,  a  rail  may  be  called  upon  to  do  its 
work  under  one  of  these  six  conditions,  viz.,  on  level  tangent,  on 
high  side  of  level  curve,  on  low  side  of  level  curve,  on  grade  tan- 
gent, on  high  side  of  grade  curve,  or  on  low  side  of  grade  curve.  Any 
investigation,  therefore,  into  the  wearing  power  of  steel  rails,  which 
shall  be  of  service  in  determining  what  rails  are  best  for  the  whole 
road,  must  take  into  account  these  six  conditions.  Of  course  there  arc 
many  different  grades  and  curves  of  different  radius  on  the  Pennsyl- 
vania Railroad  ;  but  to  study  wear  on  cacii  grade,  and  for  every  radius 
of  curvature,  would  make  a  problem  almost  life-long.  In  order,  there- 
fore, to  make  the  work  manageable  it  becomes  necessary  to  choose 
some  average  grade  and  some  medium  degree  of  curvature,  as  repre- 
senting the  different  grades  and  curves  on  the  road.  This  has  been 
done  in  the  work  al)out  to  be  descril)ed. 

Now,  the  problem  before  us  is:  What  chemicid  composition  antl 
Avhat  physical  properties  are  characteristic  of  those  rails  which  in  actual 
.service  have  lost  least  metal  in  proportion  to  the  tonnage  that  has 
passed  over  them?  In  order  to  get  the  information  neci^ssary  to 
answer  this  question,  64  rails  were  taken  from  the  track  in  July. 
1879,  and  subjected  to  chemical  analysis  and  physical  test,  as  is  detailed 
further  on.  Sixteen  of  these  rails  were  taken  from  level  tangents  and 
IG  from  level  curves,  8  from  the  hiirh  side  and  8  from  the  low  side  of 
the  curves'.  Again,  l(j  rails  were  taken  from  grade  tangi'uts  and  1(> 
from  grade  curves,  8  from  the  high  side  and  8  from  the  low  side  of 
these  curves.  The  o2  rails  on  grades  were  all  taken  between  Cone- 
maugh  and  Altoona,  and  the  32  on  levels  between  Tyrone  antl  Mifflin. 
Furthermore,  32  of  the  rails  were  taken  from  the  north  track,  and  32 
from  the  south  track.     The  principle  governing  the  selection  was  to 
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secure  8  as  slow-wearing  rails  and  8  as  rap  id- wearing  rails  as  could  be 
found  on  eacli  of  the  four  conditions  of  service — level  tangents,  level 
curves,  grade  tangents  and  grade  curves — the  rails  on  curves  being 
taken,  as  has  been  already  described,  one-half  from  the  high  side  of 
the  curve  and  one-half  from  the  low  side  of  the  curve.  In  the  actual 
selection  a  pair  of  callipers  was  used,  and  the  loss  in  height  of  a  rail, 
compared  with  its  time  of  service,  gave  a  sufficiently  accurate  measure 
of  the  rate  of  wear  of  a  rail  to  determine  its  selection.  It  should  be 
stated  here  that  since  the  rails  were  selected  in  July,  after  the  usual 
annual  removal  from  the  track  of  worn-out  rails,  which  takes  place 
earlier  in  the  season,  the  more  rapid-wearing  rails  obtained  for  exami- 
nation are  not  as  marked  examples  of  rapid-wearing  rails  as  would 
have  been  obtained  had  the  selection  been  earlier  made.  With  regard 
to  the  61  rails  chosen,  it  may  also  be  stated  that  not  one  of  them  had 
broken  in  service,  and  only  one  showed  any  signs  of  crushing ;  so  that,, 
as  far  as  every  qutdity  is  concerned,  except  their  rate  of  wear,  all  of 
them  uiight  be  classed  as  good  rails. 

It  was  thought  that  a  chemical  examination  and  physical  test  of  the 
64  rails,  compared  with  the  loss  of  metal  they  had  suffered  by  the 
tonnage  which  had  passed  over  them,  could  not  fail  to  throw  some 
light  on  the  question  as  to  Avhat  kind  of  steel  in  rails  gives  best  wear. 
These  rails  having  been  selected  were  removed  from  the  track  and 
sent  to  Altoona.  They  were  then  cleaned  and  weighed  on  an  ordinary 
platform  scale,  their  length  measured  as  accurately  as  possible  with  a 
steel  tape,  and  their  height  callipered  near  both  ends  and  in  the  mid- 
dle. The  weight  of  the  whole  rail  divided  by  its  length  obviously  gives 
the  pj-esent  weight  per  yard  of  these  worn  rails.  The  weights  obtained 
in  this  manner,  however,  were  not  subsequently  used,  as  will  be 
explained  further  on.  After  the  weighing,  five  feet  were  cut  off  from 
the  end  of  each  rail  for  test  purposes.  The  test-pieces,  except  those 
used  in  the  bending  test,  were  all  cut  from  the  head  of  the  rail.  Two 
pieces  for  tensile  test,  two  for  torsion  test,  and  two  pieces  from  the  web 
for  bending  test,  as  well  as  a  section  of  the  rail  J  inch  thick,  were 
taken  from  each  rail.  The  tensile  test-pieces  were  15  inches  long, 
with  a  reduced  section  |  inch  in  diameter,  and  5  inches  between  shoul- 
ders. They  also  had  a  groove  just  beyond  each  end  of  the  reduced 
section  for  holdimi;  the  micrometer  arrano;ement  used  in  determinino- 

o  o  o 

the  elastic  limit.  The  torsion  test-pieces  were  of  the  usual  size,  4 
inches  long  and  1  inch  square,  with  a  reduced  section  f  inch  in  diam- 
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etCT,  and  1  inch  between  .shoulders,  with  a  !,  inch  fillet.  For  the 
-hearinj^  tost  one-halt' of  tiie  tensile  tcst-pieees,  after  they  were  broken, 
was  turned  down  to  a  rod  -^  inch  in  diameter,  and  sheared  ofl'isinirle 
shear)  in  a  shearing  apparatus  prepared  for  the  purpose.  For  tlie  bend- 
ing test  two  piece.s  1^  inches  wide,  and  12  inclies  long,  were  .slotted 
out  of  the  web  of  each  rail.  Accompanying  Plate  1  gives  the  <letails 
of  the  form  and  size  of  the  test-))ie<vs  and  of  the  si)earin£j  apparatus. 
A  and  B  rej)resent  the  shearing  apparatus,  full  size;  C  represents  the 
tensile  test-piece,  half  size;  I),  the  tonsion  piece,  full  size;  E,  the 
shearing  piece,  full  size;  and  F,  the  bending  test-})iece,  half  size.  The 
half-inch  section  of  each  rail  was  u.sed  in  determining  the  present 
weight  per  yard  of  the  worn  rails,  the  original  weight  jier  yard  of 
these  rails  when  laid,  as  will  be  d&scribed  further  on,  and  also  in  mak- 
ing the  diagrams  of  the  worn  rails,  which  apjioar  in  the  ac<-ompanying 
Plates  2,  3,  4  and  o. 

\\  hen  the  tensile  test-pieces  had  been  prepared,  one-half  of  them 
Avere  annealed  by  heating  them  to  a  fair  red  heat,  and  then  allowing 
them  to  cool  slowly  for  36  hours.  Both  the  annealed  and  the  unan- 
nealed  test-pieces  were  then  tested  in  the  tensile  testing-machine.  In 
<letermining  the  elastic  limit  vokes  were  fitted  to  the  trrooves  in  the 
test-pieces  prepared  for  them,  which  yokes  carried  micrometer  screws 
on  opposite  sides  of  the  piece.s,  reading  to  the  ten  thousandth  of  an 
inch,  and  Httcd  up  for  electrictd  contact.  The  pieces  were  then  strained 
with  successive  loads,  increasing  by  2()(K^  pounds  per  s<piare  iiu-h. 
After  the  application  of  each  load  the  elongati«»n  w:is  measuretl  by  the 
micrometers,  and  the  point  at  which  the  elongation  ceiised  to  be 
directly  pro])ortioned  to  the  load  was  regarded  ;ls  the  elastic  limit. 
The  results  of  these  tests  are  given  on  Plates  6  and  7.  The  figures 
as  to  tensile  strength  aiul  elastic  limit  mean  pounds  per  .square  inch. 
The  elongation  is  per  cent,  in  five  inches.  Neither  of  the  torsion  te>t- 
pieces  were  annealed,  they  being  tested  in  the  condition  in  which  the 
steel  was  when  removed  from  the  track.  The  diagrams  made  bv  the 
test  of  these  pieces  were  meiusured  up,  ami  the  results  are  given  in  con- 
nection with  the  results  of  the  tensile  tests  as  above  describe<l.  The 
figures  given  as  to  length  of  diagram,  height  of  (b"agram,  and  elastic 
limit  are  in  inches  and  hundredths  of  an  inch  ;  and  those  givinj;  areas 
of  diagram  are  square  inches.  They  are  the  mean  of  the  results  from 
the  two  test-pieces.  In  the  .•iheariug  tests  the  figures  given  under 
*'  ^hearing  .stress"  are  pounds  per  sipiare  inch  :  while  the  "detrusiou  " 


182  Dudleij — Steel  Pudh.  [Jour.  Frank.  Inst.^ 

before  rupture  represents  the  travel  or  motion  of  the  shearing  piece 
A,  in  Plate  1,  measured  in  decimals  of  an  inch.  In  making  these 
measurements  a  load  of  2000  jjounds  Avas  put  on  the  pieces  and  then 
a  reading  made ;  at  the  moment  of  rupture  another  reading  was  made. 
The  difference  of  these  two  readings  represents  the  detrusion.  In 
making  the  bending  tests,  the  pieces  before  described  were  supported 
on  knife  edges  10  inches  apart,  and  bent  by  a  third  knife  edge  at 
equal  distances  from  the  supports,  after  the  manner  of  making  trans- 
verse tests  of  nietal.  In  making  these  tests  it  was  found  that  the  load 
applied  gradually  increased  until  it  reached  a  maximum,  and  then 
diminished  slowly.  The  deflection  obtained  at  the  point  of  maximum 
load  varied  considerably  in  the  different  rails,  being  a  half  inch  or 
more  each  side  of  two  inches.  After  the  maximum  load  had  been 
obtained  as  above  described,  the  pieces  were  reiuoved  from  the  strain, 
and  set  up  on  end  in  the  same  machine,  and  then  bent  until  rupture 
took  place  or  until  they  could  be  bent  down  no  farther.  The  broken 
or  bent  pieces  were  then  laid  on  a  piece  of  paper  in  the  position  in 
which  they  were  at  rupture  or  as  bent,  and  the  amount  of  deflection 
from  a  straight  line  of  the  piece  broken  or  bent  was  measured  with  a 
protractor.  The  figures  given  under  the  head  "  bending  tests "  are 
maximum  load  and  deflection.  The  maximum  load  was  calculated 
from  the  data  obtained  in  testing  the  pieces,  for  a  piece  1|  inches  wide 
and  \  inch  thick.  The  deflection  is  in  degrees.  In  all  cases  where 
the  deflection  is  given  as  190°,  the  pieces  did  not  break,  but  had  the 
form  when  removed  from  the  machine  of  a  letter  U  with  the  ends 
brought  together  until  they  formed  with  each  other  an  angle  of  10°. 

From  the  torsion  test-pieces  after  they  were  Ijroken  borings  were 
taken  for  analysis.  In  these  borings  the  carbon,  phosphorus,  silicon 
and  manganese  were  determined.  All  the  chemical  work  was  done  in 
duplicate.  The  carbon  was  determined,  after  separation  from  the  iron 
by  chloride  of  copper  and  ammonium,  by  combustion  in  oxygen  gas, 
the  phosphorus  by  the  molybdate  method,  the  manganese  by  the  bro- 
mine method,  and  tlie  silicon  in  the  usual  manner.  The  result  of" 
these  determinations  are  given  with  the  other  data.  So  much  for  the 
methods  of  tlie  chemical  and  physical  testing  of  these  rails. 

In  determining  the  rate  of  wear  of  a  steel  rail  it  is  of  course  neces- 
sary to  know  the  loss  of  metal  per  yard  which  each  rail  has  suffered 
and  the  tonnage.     The  loss  of  metal  per  yard  divided  by  the  tonnage 
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ffives  the  rate  of  wear;  aii<l  wlien  tliis  datum  is  ohtained  Cur  a  series  of 
rails,  it  iuniishes  a  means  of  comjiarison  as  to  their  wearing  power. 

Tlie  tonnaire  of  the  64  rails  we  are  studying  was  comi)Uted  from 
the  data  as  to  number  of  trains  and  movement  of  e<irs  in  the  <>fti«r  of 
the  superintendent  of  transportation,  Mr.  John  Keiliy.  TlH>e  data 
were  twice  worked  over,  and  while  I  do  not  tliink  tliat  the  tonnages 
tjiven  with  each  rail  are  al»solutelv  the  number  of  tons  wliieh  have 
pitssed  over  them,  I  do  think  that  the  jiercentage  error  is  small,  and 
that  the  comparison  of  one  rail  with  an«»th('r  l)y  means  of  these  ton- 
nages, which  is  really  what  we  are  after,  gives  results  that  can  >afely 
be  relied  on. 

With  regard  to  the  loss  of  metal  per  yard  and  the  method  l>y  whi<-h 
it  was  obtiiined  it  will  be  necessary  to  go  a  little  into  detail.  Of  murse 
nothing  could  be  simpler  than  to  ol>tain  the  loss  of  metal  j>er  yard  of 
these  rails,  provided  the  data  were  at  hand,  for  this  is  simply  the  dif- 
ference between  the  present  weight  i>er  yard  of  the  worn  rails  and  the 
ririginal  weight  ])er  yard  of  these  rails  when  they  were  laid.  But, 
unfortunately,  these  rails  were  not  weighed  when  they  were  put  in 
track,  and  so  one  essential  element  of  our  data  is  wanting.  Xnr  will 
it  do  to  assume  that  these  rails  originally  weighed  67  lbs,  or  56  lbs. 
|)er  yard,  which  is  the  standard  weight  of  the  different  rails  embraced 
in  this  series.  Mr.  J.  W.  Cloud,  engineer  of  tests,  finds  by  the  weight 
of  a  number  of  new  rails  just  from  the  mills,  weiglied  at  AltO(»na  dui- 
ing  two  or  three  years  past,  that  they  vary  fro!n  \  lb.  to  H  ll>~.  per 
yard  from  standard  weight.  Still  further,  an  examination  of  the  rails 
in  (»ur  series  shows  that  some  of  them,  from  the  web  being  thinner 
than  standard,  which  means  that  the  rolls  were  closer  together  when 
that  rail  was  rolled,  could  not  have  weighed  when  new  ni'>r<-  tlinn  (!4 
lbs.  or  65  lbs.  per  yard. 

In  view  of  these  statements,  the  question  fairly  meets  us:  I  low  ean 
the  loss  of  metal  per  yard  of  these  rails  be  determined?  It  i- evi- 
ilent  to  all,  I  think,  that  if  we  know  the  weight  j)er  yard  ot'  these 
worn  rails,  and  then  are  able  to  obtain  the  areas  (1)  of  a  sei-tiou  uf 
the  worn  rail,  and  (2)  of  a  section  of  the  original  rail  as  rolle<l.  we 
have  at  hand  all  the  data  necessary  for  ttbtaining  th«'  weight  per  yard 
of  the  rail  as  rolled.  For  it  is  clear,  I  am  sure,  that  lus  the  area  of  a 
section  of  the  worn  rail  is  to  it."  weight  per  yard  so  is  the  area  of  a 
section  of  the  original  rail  to  its  weight  per  yarii.  If,  therefore,  we 
can  obtain  (1)  the  weight  })er  yard  of  the  worn  rails,  {'2)  the  area  of  a 
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section  of  eacli  of  these  rails,  and  (3)  the  area  of  a  section  of  each 
rail  as  rolled,  we  shall  be  able  to  obtain  the  loss  of  metal  per  yard  of 
each  of  the  rails  in  the  series  Ave  are  studying.  Can  these  data  then 
be  obtained  ? 

First,  as  to  the  areas.  How  can  the  area  of  a  section  of  the  worn 
rail  and  of  a  section  of  the  rail  as  rolled  be  obtained?  The  following 
was  the  method  used.  The  half-inch  section  of  the  worn  rails  before 
referred  to  was  laid  upon  a  sheet  of  paper,  and  its  outline  traced  upon 
the  paper  Avith  the  utmost  care  by  means  of  a  very  sharp-pointed  hard 
])encil.  The  surface  inclosed  within  this  tracing  corresponds  very 
closely  with  the  section  of  the  worn  rail.  Then  directly  over  this 
tracing  Avas  laid  the  template  of  the  section  after  which  this  rail  was 
rolled,  and  a  tracing  then  made  with  a  sharp-pointed  hard  pencil  as 
l)efore  of  that  portion  of  the  head  which  was  lacking  in  the  worn  rail. 
If  now  the  original  height  of  the  rail  was  the  same  as  the  template 
used,  and  if  the  original  shape  of  the  head  of  the  rail  was  that  of  the 
template,  Ave  have  in  this  manner  a  diagram  on  paper  representing  a 
section  of  the  Avorn  rail,  and  also  one  re[)resenting  a  section  of  the 
original  rail  as  rolled.  The  diagrams  obtained  in  this  manner  for  each 
rail  in  the  series  are  represented  in  accompanying  Plates  2,  3,  4  and  5. 
The  areas  of  these  diagrams  Avere  then  obtained  by  means  of  tlie 
planimeter. 

AVhat  noAv  are  the  assumptions,  and  Avhat  are  the  probable  erroi's  in 
this  method  ?  The  first  assumption  is  that  the  original  rails  as  rolled 
Avere  the  same  heiglit  as  the  template.  This  is  probably  not  exactly 
true  in  fact.  The  wear  of  the  rolls,  and  possibly  carelessness  in  mak- 
ing the  rolls  originally,  together  Avith  the  fact  that  the  rails  rolled  in 
the  same  set  of  rolls  Avere  probably  not  all  rolled  at  the  same  tempera- 
ture, and  consequently  shrunk  different  amounts  in  cooling,  might  each 
occasion  small  dcAnations  from  the  height  Avhich  the  rail  should  haA'e 
according  to  template.  And  yet  Mr.  Cloud,  engineer  of  tests,  has  cal- 
lipered the  height  of  some  60  ncAv  rails  here  at  Altoona  during  the 
year  past,  Avhich  rails  Avere  from  different  mills,  and  has  found  the 
A^ariation  from  standard  height  not  more  than  j-^  of  an  inch.  It 
Avould  seem,  therefore,  that  the  error  arising  from  the  assumption  as 
to  height  of  rail  could  not  Ijc  large. 

The  second  assumption  is  that  the  original  shape  of  the  top  of  the 
head  of  the  rails  Ave  are  studying  was  that  of  the  template.  This  is 
of  course  a   question  of  accuracy  in    the  original  manufacture  of  the 
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rolls,  and  of  their  wear.  Xow  it  i-  iinpo-Nsible  to  .say  liow  accurately 
ilie  rolls  were  ori<i:inally  made,  and  how  iimeh  they  have  w<»rn  out  of 
shape  when  any  rail  wa.s  rolled.  But  in  any  ca.se  the  error  must  Ik.- 
very  small,  for  any  noteworthy  deviation  of  the  toj)  of  the  iiead  from 
-tandard  would  have  given  difKculty  in  securing  a  straight,  even  track, 
and  would  have  caused  the  rejection  of  those  rails  by  the  inspector  at 
the  mills. 

The  third  a.s.sumption  i-  that  thc-e  rail>  havt'  not  suffered  distortion 
as  lo  height  hy  the  .service  which  they  have  endured.  Upon  this  p<iint 
1  will  .say  that  I  think  an  inspection  of  the  diagrams  in  accompanying 
I'late.s  2,  .'3,  4  and  5  will  convince  any  one  that  this  distortion,  if  any, 
is  excessively  small.  It  should  be  stated  here  that  any  deviati«)n  of 
these  rails  from  template,  such  as  beading  over  on  one  side  of  the  head, 
or  thicker  or  thinner  webs  than  .standard,  or  variation  in  the  shape  of 
the  foot  or  in  the  untler  side  of  the  head,  can  cause  no  error;  because 
in  taking  the  areas  with  the  planimeter,  the  diagrams  from  which  the 
area  of  the  worn  section  and  the  area  of  the  original  section  wen- 
taken,  coincide  in  every  part  except  in  that  jKirt  (tf  the  original  >e<- 
tion  which  was  tniced-in  from  template  as  above  described.  In  other 
wonls,  in  getting  the  areas  of  the  rails  as  rolled,  the  actual  .section  of 
the  rail  just  as  it  was  rolled  was  useil  in  every  part,  except  that  j)or- 
ti'.tii  of  the  head  which  Mas  gone  from  wear,  which  porti<in  wa^  restoretl 
fr<iiii  t<'Mij)latc. 

Fourth,  ilow  accui'ately  can  the  areas  be  obtainetl  l)y  mean.-?  ol' 
the  [)lanimeter?  The  i)laninjeter  which  wa.s  u.sed  gave  readings  to 
y^^  of  a  square  incii.  If,  therefore,  the  manipulation  was  such  as  to 
give  the  instrument  its  full  chance,  the  maximum  error  in  area  could 
not  be  over  y-L_.  of  a  .square  inch.  As  a  matter  of  fact,  in  taking  the 
areas  with  the  planimeter,  from  liiree  to  five  mea.-;urements  were  made 
of  each  diagram,  which  measurements  ditfered  from  each  (»ther  not 
more  than  i'vum  one  to  three  hundredths  of  an  inch,  and  then  a  mean 
"f  these  meiisurements  wius  taken  as  representing  the  area  of  the  dia- 
gram. It  .-;eems  probable,  therefore,  that  the  error  arising  from  thi- 
cause  could  not  in  any  ca.se  amount  to  more  than  one  or  two  hundreths 
of  a  square  inch. 

Xow  as  to  the  weight  per  yard  of  the  worn  rail-.  How  cnn  this 
best  be  obtained?  Obviously  the  most  simple  method  would  U' to 
Meigh  each  of  the  worn  rails,  and  then  divide  the  weight  by  the  length. 
This  was  d<»ne  with   these  rails,  as  has  alreadv  been  nientioneil.     But 
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wlien  the  results  were  obtained,  and  tlie  original  weight  of  the  rails 
computed,  by  means  of  the  areas  as  above  described,  it  was  found  that 
some  rails  rolled  at  the  same  mill,  at  the  same  time,  and  Avith  the  same 
thickness  of  web  and  same  shape  of  foot,  differed  from  each  other  in 
the  original  weight,  as  computed,  from  H  to  3  lbs.  per  yard.  The 
explanation  of  this  seems  to  be  that  the  half-inch  sections  before 
referred  to,  which  were  used  in  getting  the  areas,  did  not  exactly  rep- 
resent the  whole  rail;  in  other  words,  the  rail  was  unevenly  worn. 
This  explanation  was  confirmed  by  callipering  the  height  of  the  half- 
inch  section.s,  and  com])aring  these  heights  Avith  the  heights  of  the  rail 
in  different  places.  It  became  necessary,  therefore,  to  devi.se  some  other 
means  of  obtaining  the  weight  per  yard  of  the  worn  rails,  and  it  was 
tiually  decided  to  obtain  the  desired  weights  from  the  half-inch  sec- 
tions themselves  before  referred  to.  These  sections  were  all,  therefore, 
carefully  weighed  on  a  balance  which  weighed  accurately  to  one-half 
a  grain.  If,  now,  tlie  half-inch  sections  were  exactly  half  an  inch  in 
thickness,  a  little  consideration  shows  that  it  is  possible  in  this  way  to 
get  at  the  weight  of  a  rail  more  accurately  than  it  could  be  obtained 
by  weighing  the  whole  rail  on  a  common  platform  scale,  supposing,  of 
course,  that  the  rail  Avas  uniform  in  section  throughout  its  length. 
For  there  are  72  half-inch  sections  in  a  yard,  and  in  a  30-foot  rail  720 
half-inch  sections.  If,  now,  the  error  in  Aveighing  a  half-inch  section 
is  one-half  a  grain,  the  total  error  in  the  AA'eight  of  a  30-foot  rail 
Avould  be  720  half  grains,  or  360  grains,  Avhich  is  a  little  less  than  an 
ounce.  Inasmuch,  therefore,  as  ordinary  platform  scales  do  not  gene- 
rally weigh  clo.ser  than  half  a  pound,  it  is  evident  that,  .so  far  as  accu- 
racy of  AA'eighing  is  concerned,  tlie  method  of  getting  at  the  Aveight 
per  yard  of  these  AA'orn  rails,  by  Aveighing  the  half-inch  .sections,  leaves 
nothi/ig  to  be. desired. 

But  Avere  these  half-inch  sections  exactly  half  an  inch  thick '?  An 
examination  of  these  sections  by  means  of  vernier  callipers,  reading  to 
one-thousandth  of  an  inch,  showed  that  they  Avere  not  exactly  half  an 
inch  thick,  and  that  they  varied  in  thickness  in  different  parts  of  the 
section.  The  reasons  for  this  seem  to  be,  that  it  is  almost  impossible  to 
set  a  tool  so  as  to  cut  off  exactly  half  an  inch  from  a  rail,  and  that  in 
cutting  steel  as  hard  as  some  of  these  rails  were,  the  tool  is  apt  to 
spring  more  or  less,  and  thus  give  a  section  of  varying  thickness.  It 
became  neces.sary,  therefore,  to  devise  some  method  by  means  of  Avliidi 
the  average  thickness  of  these  sections  could  be  obtained.     This  Avas 


>rar.,  1881.]  Dndlcy — Steel  Rails.  l'*^" 

•  lone  as  follows:  The  lialf-iiwli  sections  were  all  earef'iilly  wei<rlie<l  in 
ilisfjllcd  water,  at  a  temperature  of  (jG^F.,  on  a  l»alanee  wei^diin<r  to 
half  a  <,n-ain.  The  difference  between  the  weijxlit  s(»  obtained  and  the 
weight  of  the  same  sections  in  air  gives  the  weight  of  a  vohinie  of 
water  eqnal  to  the  volume  of  the  section.  Now,  this  weiglit  of  water 
divided  bv  tlie  weiglit  of  a  cubic  inch  of  water,  which  was  taken  as 
2o2'5  grains,  gives  the  volume  of  space  occupied  by  any  section.  This 
volume  being  known,  it  is  of  coui'se  only  necessary  t(»  divide  the  same 
l)v  the  area  obtained  bv  the  j>laninieter,  as  before  described,  and  the 
result  is  the  average  thickness  of  each  section  ;  and  the  weight  and 
thickness  of  each  section  being  known,  a  very  simple  calculation  give- 
us  the  weight  per  yard,  corresponding  to  each  of  the  worn  rail-  whieh 
we  are  dealing  with. 

Now,  what  are  the  ])0ssil)le  errors  involved  in  this  metlHKlV  A-  to 
the  weight  in  air  of  tlie  half-inch  sections,  it  lias  already  l)een  shown 
that  an  error  of  half  a  grain  in  the  weight  (»f  each  section  gives  an 
eri'or  per  yard  that  can  safely  be  ignored.  An  error  of  half  a  grain 
in  weighing  the  sections  in  water  gives  an  error  in  the  weight  per 
yard  of  the  worn  rail  of  '05  of  a  pound  ;  and  an  error  ot"  a  hundredth 
of  a  square  inch  in  taking  the  areas  of  the  sections  with  the  ])laninieter 
causes  an  error  in  the  weight-  of  about  a  tentli  (»f  a  pound.  It  seems 
fair,  therefore,  to  conclude  that  probably  the  weiglits  of  the  worn  rails 
and  of  these  rails  when  originally  laid,  as  obtained  in  the  manner 
above  described,  do  not  difler  from  the  true  weights  more  than  j>o-;i- 
l)ly  a  quarter  of  a  pound  ])er  yard. 

It  is,  of  course,  to  be  confesseil  that  whatever  erroi-s  there  may  l)e, 
either  in  the  weight  of  the  worn  rails  or  in  the  original  weight  <»f  these 
sune  rails,  appears  in  the  loss  of  metal  due  to  wear — which  is  really 
what  we  are  after — and  which  is  simi)ly  the  difference  between  these 
two  weights.  But  it  must  l)e  remembered  that,  in  determiinng  the 
value  of  a  rail,  this  li>ss  of  metal  is  subsequently  divided  by  the  ton- 
nage, :'nd  conse(|uently  the  influence  of  the  error  is  thereby  very 
grciitly  diminished.  And  while  there  may  l)e  a  few  rails  in  the  series 
which  occupy  a  phu'c  which  thev  would  not  occupv  it"  the  loss  ot"  metal 
were  more  accurately  known,  yet  I  think  these  cases  are  too  t"ew  to 
seriously  obscure  or  counteract  the  general  conclusions  which  the  results 
that  have  been  obtained  are  calculated  to  te^ich. 

In  the  following  pages  are  given  the  history  of  each  rail  ami  the 
tonnage.     The  essential   parts  of   this  history,  together  with  the  ton- 
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iiage,  tlie  chemical  analyses,  the  weight.s  per  yard,  and  loss  of  metal, 
xis  well  as  the  loss  per  million  tons,  and  the  complete  results  of  the 
physical  tests  and  the  density,  are  given  in  tabular  form  in  accompa- 
nying Plates  6  and  7.  These  tables  will  be  discussed  farther  on.  The 
density  is  the  weight  of  a  cubic  inch  of  the  steel.  This  weight  was 
•obrained  l)y  dividing  the  weight  of  each  of  the  half-inch  sections  by 
its  volume,  the  data  for  this  purpose  having  been  obtained  as  previ- 
ously described.  The  figures  given  under  density  are  fractions  of  a 
pound. 

In  looking  over  the  original  weights  of  the  rails  as  obtained,  it  will 
doubtless  be  observed  tliat,  although  these  rails  were  all  supposed  to 
have  weighed  67  lbs.  or  56  lbs.  per  yard  when  rolled,  the  figures 
given  differ  both  ways  from  these  figures.  These  differences  are  prin- 
cipally to  be  accounted  for  by  differences  in  the  shape  of  the  bases 
and  differences  in  the  thickne-ss  of  the  webs.  With  regard  to  the 
latter  point,  it  is  evident  that  of  two  rails  rolled  at  the  same  mill,  in 
the  same  year,  if  one  has  a  web  three  or  five  one-hundredths  of  an 
inch  thicker  than  another — which  means  that  the  rolls  were  farther 
apart  Avhen  tlie  tiiick-web  rail  Mas  rolled — the  thin-web  rail  Avill  be 
lighter  than  the  other.  The  thickness  of  the  webs  of  all  the  rails  in 
the  series  we  are  studying  was  carefully  measured  with  vernier  calli- 
l)ers,  and  the  differences  from  the  standard  thickness  were  found  to 
vary  both  ways,  from  nothing  up  to  five  one-hundreths  of  an  inch 
thinner  than  .standard,  and  seven  one-hundredths  thicker  than  stand- 
ard. Finally,  the  differences  in  the  den.sity  of  the  different  rails  still 
further  helps  us  to  account  for  the  differences  in  weight  per  yard  of 
the  rails  as  rolled. 

The  following  is  the  history  and  tonnage  of  the  different  rails : 

Xo.  881.  Steel  of  1868.  Was  on  tangent,  north  rail,  north  track, 
in  Bennington  Cut.  In  service  from  June,  1868,  to  July,  1879 — 
11  yrs.  1  mo.  Grade,  92-4  ft.  to  the  mile.  Tonnage,  55,546,811 
tons. 

Xo.  882.  Steel  of  1868.  Was  on  tangent,  north  rail,  north  track, 
in  Bennington  Cut.  In  service  from  June,  1868,  to  Jidy,  1879 — 
11  yrs.  1  mo.  Grade,  92-4  ft.  to  the  mile.  Tonnage,  55,546,811 
tons. 

Xo.  883.  Steel  of  1869.  Was  on  tangent,  north  rail,  north  track, 
on    Whip-poor-will   Straight.     In   .service  from  May,  1869,  to   July, 
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1379 — 10  vrs.  2  nio.s.  Grade,  9o-04  ft.  to  the  mile.  Tonnage, 
52,174,069  ton.<. 

No.  884.  Steel  of  1.S69.  Was  on  tangent,  north  rail,  north  track, 
on  Whiji-poor-will  Straight.  In  .service  from  May,  1869,  to  July, 
1879 — 10  yr.s.  2  mo.s.  Grade,  95"04  ft.  to  the  mile.  Tonnage, 
52,174,969  tons. 

No.  885.  Steel  of  1868.  Was  on  tangent,  .soutli  rail,  north  track, 
jast  we.st  of  Allegrij)pu.s  Station.  In  service  from  July,  1868,  to  JuK-. 
1879  —  11  yrs.  (Jrade,  89-76  ft.  to  the  mile.  Tonnage,  55,197,994 
tons. 

No.  886.  Steel  <tf  1868.  Was  on  tangent,  north  rail,  north  track, 
just  we.st  of  Allegrippus  Station.  In  service  from  July,  1868,  to  .[nly. 
1879  —  11  yrs.  Grade,  89-76  ft.  to  the  mile.  Tonnage,  55,197,994 
tons. 

No.  887.  Steel  of  1868.  Was  on  tangent,  .south  rail,  north  track, 
we.st  of  Allegrippus  Station.  In  .service  from  July,  186'S,  to  July. 
1879—11  years.  Grade,  89*76  ft.  to  the  mile.  Tonnage,  55,197,994 
tons. 

No.  888.  Steel  of  1868.  Was  on  tangent,  south  rail,  north  track, 
west  of  Allegrippus  Station.  In  .service  from  July,  1868,  to  July. 
1879—11  years.  Grade,  89-76  ft.  to  the  mile.  Tonnage,  55.1!»7.!i!»4 
tons. 

No.  889.  Steel  of  1873.  Was  on  tangent,  .south  rail,  south  track, 
at  South  Fork.  In  service  from  August,  ls73,  to  July,  1879 — 
5  yrs.  11  mos.  Grade,  21*13  ft.  to  the  mile.  Tonnage  44,62U,1<»U 
tous. 

No.  890.  Steel  of  1873.  Was  on  tangent,  north  rail,  .s«»uth  track, 
at  South  Fork.  In  service  from  August,  1873,  to  July,  1<S79 — 
5  yi-s.  11  mos.  Grade,  21-13  ft.  to  the  mile.  Tonnage,  44,620,100 
tons. 

No.  891.  Steel  of  1872.  Was  on  tangent,  south  rail,  south  track, 
at  Summer  Hill  water  i)hig.  In  service  from  June,  1872,  to  July, 
1879 — 7  yrs.  1  mo.  Grade,  40-13  ft.  to  the  mile.  Tonnage,  53,687,- 
192  tons 

No.  892.  Steel  of  1872.  Wa<  on  tangent,  sonth  rail,  south  track, 
at  Summer  Hill  water  plug.  In  service  from  June,  1872,  to  .Inly. 
1879—7  yrs.  1  mo.  Grade,  40-1-')  ft.  to  the  mile.  Tonnage,  53,6s7,- 
192  tons. 

No.  893.  Steel  of  1874.     Was  on  tangent,  north  rail,  south  track. 
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near  Summer  Hill.  In  service  from  May,  1874,  to  July,  1879 — 
5  yrs.  2  mos.  Grade,  2M2  ft.  to  the  mile.  Tonnage,  38,088,572 
tons. 

No.  894.  Steel  of  1874.  Was  on  tangent,  south  rail,  south  track, 
east  of  Portage.  In  .service  from  May,  1874,  to  July,  1879 — 5  yrs. 
2  mos.     Grade,  52-8  ft.  to  the  mile.     Tonnage,  38,088,672  tons. 

No.  895.  Steel  of  1874.  Was  on  tangent,  south  rail,  south  track, 
east  of  Portage.  In  service  from  May,  1874,  to  July,  1879 — 5  yrs. 
2  mos.     Grade,  52-8  ft.  to  the  mile.     Tonnage,  38,088,572  tons. 

No.  896.  Steel  of  1874.  Was  on  tangent,  south  rail,  south  track, 
east  of  Portage.  In  .service  from  May,  1874,  to  July,  1879 — 5  yrs. 
2  mos.     Grade,  52-8  ft.  to  the  mile.     Tonnage,  38,088,572  tons. 

No.  897.  Steel  of  1868.  Was  on  high  side  of  5°  curve,  north  rail, 
north  track,  east  of  Bridge  No.  3,  Summer  Hill.  In  service  from 
May,  1868,  to  July,  1879,-11  yrs.  2  mo.s.  Grade,  21-12  ft.  to  the 
mile.     Tonnage,  52,370,617  tons. 

No.  898.  Steel  of  1868.  Was  on  high  side  of  5°  curve,  north  rail, 
north  track,  east  of  Bridge  No.  3,  Summer  Hill.  In  .service  from 
:May,  1868,  to  July,  1879—11  yrs.  2  mos.  Grade,  21-12  ft.  to  the 
mile.     Tonnage,  52,370,617  tons. 

No.  899.  Steel  of  1868.  Was  on  low  side  of  5°  curve,  south  rail, 
north  track,  east  of  bridge  No.  3,  Summer  Hill.  In  service  from  May, 
1868,  to  July,  1879—11  yrs.  2  mos.  Grade,  2M2  ft.  to  the  mile. 
Tonnage,  52,370,617  tons. 

No.  900.  Steel  of  1868.  Was  on  low  side  of  5°  curve,  north  rail, 
north  track,  ea.st  of  Bridge  No.  3,  Summer  Hill.  In  service  from 
May,  1868,  to  July,  1879—11  yrs.  2  mos.  Grade,  21-12  ft.  to  the 
mile.     Tonnage,  52,370,617  tons. 

No.  901.  Steel  of  1871.  Was  on  low  side  of  5°  curve,  south  rail, 
north  track,  in  Gable's  Cut,  near  Summer  Hill.  In  service  from  Au- 
gust, 1871,  to  July,  1879—7  yrs.  11  mos.  Grade,  39*6  ft.  to  the  mile. 
Tonnage,  40,061,230  tons. 

No,  902.  Steel  of  1871.  Was  on  high  side  of  5°  curve,  north  rail, 
north  track,  in  Gable's  Cut,  near  Summer  Hill.  In  service  from  Au- 
gust, 1871,  to  July,  1879 — 7  yrs.  11  mos.  Grade,  39*6  ft.  to  the  mile. 
Tonnage,  40,061,230  tons. 

No.  903.  Steel  of  1876.  Was  on  high  side  of  5°  curve,  south  rail, 
south    track,  west  of  Bridge  No.  1,  Summer  Hill.     In  service  from 
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August,  1876,  to  July,  1879—2  yr^.  11  uios.  (irade,  39*6  ft.  to  the 
mile.     Tonnage,  21,o04,824  tons. 

Xo.  !»<)4.  Steel  of  1876.  Was  on  low  side  of  o"  eurve,  north  rail, 
>outh  track,  west  of  bridge  Xo.  1,  near  Summer  Hill.  I u  service  fn»ni 
August,  1876,  to  July,  1879—2  yrs.  11  uk.s.  Grade,  39-6  ft.  to  the 
mile.     Toinuige,  21,004,824  tons. 

X'o.  905.  Steel  of  1868.  Was  on  high  side  of  5°  curve,  north  rail, 
uorth  track,  cast  end  of  Milmore  Middle  Siding.  In  service  from 
June,  ].S(>.S,  to  April,  ]S79  — 10  yrs.  10  nios.  ( rradc,  47-.")2  ft.  to  the 
mile.     Tonnage,  on,(j4X,939  tons. 

Xo.  906.  Steel  of  186.S.  Was  on  low  side  of  5°  curve,  .south  rail, 
north  track,  east  end  of  Wilmore  Middle  Siding.  In  .service  from 
June,  1868,  to  April,  1879 — K)  yr<.  10  nio<.  Grade,  47-.">2  ft.  to  th.- 
mile.     Tonnage,  50,648,939  tons. 

No.  907.  Steel  of  1874.  Was  (»n  high  side  of  5"^  curve,  north  rail, 
north  track,  ca.st  of  Wilmore  Middle  Siding.  In  .service  from  June, 
1X74,  to  Ai)ril,  1X79—4  yi-s.  10  mos.  Grade,  47-52  ft.  to  the  mile. 
Tonnage,  24,211,147  toM>. 

Xo.  90S.  Steel  (»f  1875.  Was  on  low  >ide  of  4"  curve,  north  rail, 
south  track,  near  tt»wer  at  cast  end  of  Galitzin  Tunnel.  In  service 
from  .May,  1X75,  to  July,  1879—4  yrs.  2  mos.  Grade,  95*04  feet  to 
the  mile.     Toiuiage,  32,428,614  tons. 

Xo.  }M>il.  Steel  of  1X75.  Was  on  high  side  of  4^  curve,  south  rail, 
-outh  ti-ack,  near  lower  at  cast  end  of  Galit/in  Tuiuiel.  In  .service 
from  May,  1X75,  to  July,  1879 — 4  yrs.  2  mos.  Grade,  95-04  ft.  to 
the  mile.     Tonnage,  32,42X,614  tons. 

Xo.  910.  Steel  of  1871.  Was  on  low  side  t,»f  5"  curve,  south  rail, 
south  track,  west  of  Allegrippus  Station.  In  service  from  July,  1871, 
to  July,  1X79 — X  yrs.  (irade,  X9-76  ft.  to  the  mile.  Tonnage, 
62,813,664  tons. 

Xo.  911.  St(rl  of  1x77.  Was  i>n  low  side  of  5  4'urve,  south  rail, 
Miuth  track,  second  curve  west  of  Allegrippus  Tower,  in  service  from 
.V|>ril,  1X77,  to  July,  1X79—2  yrs.  .3  m<»s.  Grade,  X!)-76  ft.  to  the 
mile.     Tonnage,  1  7,226,993  tons. 

Xo.  912.  Steel  ot"  1X7.>.  Was  on  high  sitle  of  5  curve,  north  rail, 
south  track,  .second  curve  west  ot"  Allegrippus  Tower.  In  .service  from 
July,  1873,  to  July,  1879  —  6  yrs.  Grade,  XJl-76  ft.  to  the  mile.  Ton- 
nage, 47,438,145  t4)ns. 

Xo.  913.  Steel  of  1x70.      Was  on   tauLiviu,  mtrth   rail,  north  track. 
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600  i'eet  west  of  mile  post  211  from  Pliiladelphia.  In  service  from 
March,  1870,  to  July,  1879—9  yrs.  4  mos.  On  level.  Tonnage, 
45,855,101  tons. 

Xo.  914.  Steel  of  1870.  Was  on  tangent,  south  rail,  north  track, 
600  feet  west  of  mile  post  211  from  Philadelphia.  In  service  from 
March,  1870,  to  July,  1879—9  yrs.  4  mos.  On  level.  Tonnage, 
45,855,101  tons. 

Xo.  915.  Steel  of  1873.  Was  on  tangent,  south  rail,  north  track, 
east  of  Petersburg  Toolhouse.  In  service  from  June,  1873,  to  July, 
1879—6  yrs.  1  mo.     On  level.     Tonnage,  31,514,889  tons. 

Xo.  916.  Steel  of  1873.  Was  on  tangent,  north  rail,  north  track, 
just  west  of  Ardenheim.  In  service  from  July,  1873,  to  July,  1879 
—6  yrs.     On  level.     Tonnage,  31,127,829  tons. 

Xo.  917.  Steel  of  1873.  Was  on  tangent,  south  rail,  north  track, 
just  vyest  of  Ardenheim.  In  service  from  July,  1873,  to  July,  1879 
— 6  yrs.     On  level.     Tonnage,  31,127,829  tons. 

Xo.  918.  Steel  of  1869.  Was  on  tangent,  north  rail,  north  track, 
west  of  Vandevaner's  Bridge.  In  service  from  January,  1869,  to 
July,  1879-10  yrs.  6  mos.     On  level.     Tonnage,  51,720,011  tons. 

Xo.  919.  Steel  of  1869.  Was  on  tangent,  north  rail,  north  track, 
west  of  Vandevaner's  Bridge.  In  service  from  January,  1869,  to 
July,  1879—10  yrs.  6  mo.s.     On  level.     Tonnage,  51,720,011  tons. 

Xo.  920.  Steel  of  1867.  Was  on  tangent,  south  rail,  north  track, 
at  Jackstown  Water-trough.  In  service  from  December,  1867,  to 
Julv,  1879 — 11  yrs.  7  mos.     On  level.     Tonnage,  52,991,684  tons. 

Xo.  921.  Steel  of  1874.  Was  on  tangent,  north  rail,  north  track, 
200  feet  east  of  mile  post  211  from  Philadelphia.  In  service  from 
March,  1874,  to  July,  1879 — 5  yrs.  4  mos.  On  level.  Tonnage, 
27,622,230  tons. 

Xo.  922.  Steel  of  1874.  Was  on  tangent,  south  rail,  north  track, 
200  ft.  east  of  mile  po.st  211  from  Philadelphia.  In  service  from 
March,  1874,  to  July,  1879—5  yrs.  4  mos.  On  level.  Tonnage, 
27,622,230  tons. 

Xo.  923.  Steel  of  1873.  Was  on  tangent,  south  rail,  north  track, 
east  of  Petersburg  Toolhoase.  In  service  from  June,  1873,  to  July, 
187y_6  yrs.  1  mo.     On  level.     Tonnage,  31,514,889  tons. 

Xo.  924.  Steel  of  1875.  Was  on  tangent,  south  rail,  south  track, 
west  of  Vandevaner's  Bridge.  In  service  from  June,  1875,  to  July, 
1879—4  vrs.  1  mo.     On  level.     Tonnage,  36,349,989  tons. 
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Xo.  925.  Steel  of  1870.  \\'a.s  on  tangent,  south  mil,  south  track, 
west  of  Vandevaner's  Bridge.  In  service  from  June,  187o,  to  July. 
1879—4  yrs.  1  mo.     On  level.     Tonnage,  30,349,989  tons. 

Xo.  926.  Steel  of  1870.  Was  on  tangent,  south  rail,  .south  track, 
loOO  feet  west  of  mile  post  182  from  Philadelphia.  In  service  from 
April,  1870,  to  July,  1879 — 9  yr,s.  3  mo.s.  On  level.  Tonnage, 
76,409,123  tons. 

Xo.  927.  Steel  of  1870.  Was  on  tangent,  south  mil,  .soutii  track, 
1500  feet  west  of  mile  post  182  from  Philadelj)hia.  In  service  from 
April,  1870,  to  Jidy,  187f>— 9  yrs.  3  mo.s.  On  level.  Tonnage, 
76,409,123  tons. 

Xo.  928.  Steel  of  1874.  VV'^ius  on  tangent,  south  rail,  south  tra<-k, 
20U  feet  east  of  mile  jwst  181  from  Philadelphia.  In  service  from 
July,  1874,  to  July,  1879—5  yrs.  On  level.  Tonnage,  43,610,150 
tons. 

X"o.  929.  Steel  of  1867.  Was  on  high  side  of  2J°  curve,  north 
rail,  north  track,  250  feet  east  of  mile  post  194  from  Philadelphia. 
In  service  from  December.  1867,  to  July,  1879 — 11  yr.-.  7  mo.-.  On 
level.     Tonnage,  52,991,684  tons. 

Xo.  930.  Steel  of  1867.  \\'as  on  low  sidcof  2]"  cui've,  south  rail, 
north  track,  250  feet  east  of  mile  post  1! '4  from  Philadelphia.  In 
service  from  December,  1867,  to  July,  1879  — 11  vrs.  7  mos.  ()\\ 
level.     Tonnage,  52,991,684  tons. 

Xo.  931.  Steel  of  1S68.  Was  on  high  side  of  3"  curve,  south  rail, 
north  track,  400  feet  east  of  mile  post  191  from  Philadelphia.  In 
>ervicc  from  January,  1869,  to  July,  1879 — 10  yrs.  6  m«>s.  On  level. 
Tonnage,  51,720,011  tons. 

Xo.  932.  Steel  of  1868.  Was  on  low  side  of  3'  curve,  north  rail, 
north  track,  100  feet  east  of  mile  j)ost  191  from  Philadelphia.  In 
service  from  January,  1869,  to  July,  1879 — 10  yrs.  (J  mos.  On  level. 
Tonnage,  51,720,(111  ton.><. 

Xo.  933.  Steel  of  1869.  Was  on  high  side  of  3i°  curve,  north 
rail,  south  track,  lOOO  feet  east  of  mile  j»ost  183  from  Philadelphia. 
In  service  from  Xovember,  1869,  to  July.  1879  —  9  yrs.  8  mos.  On 
level.     Tonnage,  78,364,968  tons. 

Xo.  934.  Steel  of  1869.     Was  on  low  side  of  3^^  curve,  south  rail, 
.«outh   track,  lOOO  feet  east  of  mile   jtost  1S3  fntm   PhiladeliJiia.     lu 
service   from    Xovember,    1869,    to   .Inly.    I.s79 — 9  yrs.  8  mos.     On 
level.     Tonnage,  78,364,968  tons. 
Whoi,k  No.  Vol.  CXI.— (Tuna.  Skuies,  Vol.  Ixxxi.  l.S 
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No.  935.  Steel  of  1866.  Was  on  high  side  of  2°  curve,  north  rail, 
south  track,  at  McVeytown  Station.  In  service  from  September, 
1866,  to  June,  1879—12  yrs.  9  mos.  On  level.  Tonnage,  92,025,- 
478  tons. 

No.  936.  Steel  of  1866.  Was  on  low  side  of  2°  curve,  south  rail, 
south  track,  at  McVeytown  Station.  In  service  from  Sejitember, 
1866,  to  June,  1879—12  yrs.  9  mos.  On  level.  Tonnage,  92,025,478 
ton 

No.  937.  Steel  of  1876.  \\'as  on  low  side  of  2°  curve,  south  rail, 
south  track,  200  feet  west  of  mile  post  192  from  Philadelphia.  In 
service  from  March,  1876,  to  July,  1879 — 3  yrs.  4  mos.  On  level. 
Tonnage,  29,905,122  tons. 

No.  938.  Steel  of  1876.  Was  on  high  side  of  2'^  curve,  north  rail, 
south  track,  200  feet  west  of  mile  post  192  from  Philadelphia.  In 
service  from  March,  1876,  to  July,  1879 — 3  yrs.  4  mos.  On  level. 
Tonnage,  29,905,122  tons. 

No.  939.  Steel  of  1875.  Was  on'  the  low  side  of  4°  curve,  south 
rail,  south  track,  250  feet  east  of  Mount  Union  Bridge.  In  service 
from  May,  1875,  to  July,  1879 — 4  yrs.  2  mos.  On  level.  Tonnage, 
37,150,179  tons. 

No.  940.  Steel  of  1875.  Was  on  the  high  side  of  4°  curve,  north 
rail,  south  track,  250  feet  east  of  Mount  Union  Bridge.  In  service 
from  May,  1875,  to  July,  1879 — 4  yrs.  2  mos.  On  level.  Tonnage, 
37,150,179  tons. 

No.  941.  Steel  of  1874.  Was  on  high  side  of  3°  curve,  south  rail, 
south  track,  300  feet  east  of  Manayunk.  In  service  from  September, 
1874  to  July,  1879—4  yrs.  10  mos.  On  level.  Tonnage,  42,277,638 
tons. 

No.  942.  Steel  of  1S74.  Was  on  low^  side  of  3^  curve,  north  rail, 
south  track,'300  feet  east  of  Manayunk.  In  service  from  September, 
1874,  to  July,  1879—4  yrs.  10  mos.  On  level.  Tonnage,  42,277,638 
tons. 

No.  943.  Steel  of  1873.  Was  on  the  low  side  of  2°  (airve,  south 
rail,  south  track,  2000  feet  west  of  mile  post  179  from  Philadelphia. 
In  service  from  April,  1873,  to  July,  1879 — 6  yrs.  3  mos.  On  level. 
Tonnage,  55,127,464  tons. 

No.  944.  Steel  of  1873.  Was  on  high  side  of  2°  curve,  north  rail, 
south  track,  2000  feet  west  of  mile  post  179  from  Philadelphia.     Jn 


3Iar.,  1881.]  Dudley — Steel  Rails.  195 

service  from  A])rii,   ]87.">,  to  July,  1879 — G  yrs.  3   mos.     On   level. 
Tonnage,  oo,]27,4(i4  tons. 

Accompanying  Plates  <J  and  7  give  in  talmlar  form  all  the  cs-sential 
data  of  the  history  of  the  rails,  together  wiih  the  chemical  aualy.ses, 
weiglits,  and  results  of  the  chemical  tests,  a.s  lias  been  before  stated. 
To  a  study  of  these  tables  attention  is  now  directed.  As  will  be 
ob-served,  the  rails  have  been  arranged  in  six  groups,  according  to  the 
kind  of  service  to  which  they  have  been  subjected.  The  first  group 
of  1<)  rails  did  their  service  on  grade  tangents ;  the  second  groiij)  of 
8  rails  on  the  low  side  of  grade  curves;  the  third  group  of  8  rails  on 
the  high  side  of  grade  curves;  the  fourth  grouj)  of  16  rails  on  level 
tangents ;  the  fifth  group  of  8  rails  on  the  low  side  of  level  curves ; 
and  the  sixth  group  of  X  rails  on  the  high  side  of  level  curves.  As  will 
likewise  be  observed,  the  rails  within  the  groups  have  been  arranged  in 
regular  order  according  to  loss  of  metal  per  million  tons,  the  rail  hav- 
ing lust  least  metal  per  million  tons  being  placed  first.  The  first  rails 
in  the  several  grouj)S  are  therefore  the  slower  wearing,  wliile  the  latter 
rails  are  the  more  rapid  wearing.  This  arrangement  enables  us  to 
compare  the  slower- wearing  rails  of  the  ditlerent  kinds  of  service  with 
the  more  rapid-wearing  ones,  and  to  discover  what  physical  (pialities, 
and  what  chemical  composition,  are  characteristic  of  the  slower-wearinsc 
tt<  well  a<  the  faster-wearing  rails. 

Giving  our  attention  now  to  the  tables,  I  think  the  first  observation 
will  be  that  there  is  no  absolute  gradation  in  physical  qualities,  or  in 
chemical  composition,  applying  to  every  rail  in  each  group,  which  cor- 
responds to  the  gradation  in  amount  of  metal  lost  per  million  tons. 
In  other  words,  if  we  take  tensile  strength,  or  elongation  in  the  j)hv- 
sical  (jualities,  or  the  carbon  or  phosi)horus  in  the  chemical  composi- 
tion, we  do  not  find  that  the  first  rail  in  each  group  is  characterized  bv 
ii  certain  figure  in  any  t»ne  or  more  of  these  respects,  while  the  la.st 
rail  in  the  group  is  characterized  by  another  ditferent  figure,  and  all 
the  intermediate  rails  arrange  themselves  in  resj>ect  to  anv  (»t"  these 
])eculiarities,  between  these  two  extreme  rails  of  the  group.  Nor 
■do  1  think  we  ought  to  expect  such  uniformity,  and  for  the  followiuir 
reasons : 

First.  Whatever  errors  there  may  have  been  in  determining  the 
loss  of  metal  of  these  rails  or  in  the  tonnages.  a>  has  been  before 
described,  will  of  course  have  an  infiuence  in  determining  the  position 
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of  any  rail  in  the  group  to  wliich  it  belongs.  And,  as  has  already 
been  said,  while  I  do  not  think  that  these  errors,  whatever  they  may 
be,  are  sufficient  to  seriously  obscure  or  counteract  the  general  conclu- 
sions which  the  results  are  calculated  to  teach,  yet  these  errors  may 
possibly  be  large  enough  to  give  some  rail  a  position  in  the  group 
which  it  should  not  occupy. 

Second.  I  am  not  aware  that  it  is  known  as  yet  exactly  what  wear 
is,  or  what  it  is  dependent  upon.  Some  considerations  in  regard  to 
the  nature  of  wear  will  be  advanced  further  on  ;  but  whether  wear  is 
a  direct  function  of  the  tensile  strength  of  steel,  or  of  its  elongation^ 
or  of  its  elastic  limit,  or  of  its  resilience,  or  any  combination  of  these,, 
or  indeed,  as  seems  somewhat  probable,  of  the  amount  of  distortion 
by  bending  that  a  piece  of  steel  will  suffer,  is  a  problem  yet  to  be 
solved.  It  may  be  that  wear  bears  a  direct  ratio  to  the  elongation 
within  the  elastic  limit,  or  to  the  amount  of  work  done  within  the 
elastic  limit  whenever  a  particle  is  worn  oif ;  or,  indeed,  Avear  may  be 
a  direct  function  of  the  granular  structure  of  steel,  the  wear  being 
more  rapid  as  the  granular  structure  is  coarser,  or  vice  versa.  Or, 
finally,  wear  may  be  due  to  a  combinations  of  causes,  and  each  cause 
may  require  for  its  elucidation  a  diiferent  physical  test.  It  is  perhaps, 
therefore,  not  strange,  in  view  of  this  wjlnt  of  knowledge,  that,  in  a 
series  of  steels  arranged  according  to  loss  of  metal,  or  on  the  principle 
of  wear,  the  physical  qualities  which  we  are  now  able  to  measure  should 
not  show  uniform  gradations  throughout  the  series.  But,  it  seems  to 
me,  this  reasoning  does  not  tend  to  throw  doubt  on  our  ability  to  draw 
conclusions  that  will  be  valuable  from  the  Avork  which  we  have  in 
hand.  For  the  question  we  are  studying  is  not  what  does  wear  dej)end 
upon,  but  what  chemical  composition,  and  what  physical  properties, 
are,  in  general,  characteristic  of  such  rails  as  have  in  actual  service 
given  least  loss  of  metal  per  million  tons'  burden  ?  AVhile  the  answer 
to  this  question  may  not  solve  the  Avhole  problem  of  wear,  yet  it  can- 
not fail  to  throw  light  on  the  relation  between  the  chemistry  and  phy- 
sics of  steel  and  its  wearing  power,  which,  after  all,  with  our  present 
knowledge  of  steel  metallurgy,  is  all  the  knowledge  we  are  able  to 
utilize. 

(To  be  continued.) 
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Jiy  Wi  1,1,1  A.\r   Dknni.s  Marks, 

Wliitnev  Professor  of  Dynaiiiical  Knyineering,  I'liiviTsity  of  Pennsylvania. 


Ill  the  majority  of  stc'jiin  eii<ri lies  hitlierto  built  l)ii[  little  tli'>Ui£lit 
>eems  to  have  l>een  given  to  the  rehitive  lengtli.s  of  the  stroke  an<l 
diameter  of  the  steam  cylinder,  its  atfeetino;  th.e  wasteful  eondensation 
of  the  steam  used. 

Tiie  writer  has  already  called  attention  to  the  fart  that,  if  the  con- 
densation is  solely  ilependent  upon  the  surface  e.vposed  to  the  stenni,  as 
<-ompared  with  the  cylinder's  volume,  that  the  steam  cylinder  shuuhl 
liavc  an  e((ual  stroke  and  diameter.* 

On  the  other  hand,  it  should  also  be  borne  in  mind  that  the  time  of 
exj)osure  of  any  condensing;  surface  may  affect  the  amount  of  con- 
densation, and  that  if  we  ivgard  tlie  amount  of  condensation  its  dirc<-tly 
proportional  to  the  time  of  the  exposure  of  any  given  ana  of  condcns- 
ini;  surface,  the  atnoinit  of  condensation  becomes  proportioned  to  the 
Itroduet  of  the  surface  r.vj)osed  bi/  it-i  time  of  exjiosure. 

Since,  liowever,  the  interior  of  a  cylinder  continually  becomes  liot- 
ter,  approaching  more  nearly  to  tlie  temperature  of  the  steam  the 
longer  it  is  exposed,  we  see  that  tiie  condensation  is  not  directly  pro- 
j)ortional  to  tiie  time  of  exposure  of  any  unit  of  area,  and  it  secm.-^ 
natural  to  suppose  that  the  condensation  at  first  contact  with  the  colder 
sides  of  the  cylinder  would  deposit  a  dew,  or  film  of  moisture,  and 
that  the  known  slow  powers  of  conduction  of  iron  for  iieat  would  pre- 
vent much  additional  condensation  in  the  time  usually  allotted  to  one 
stroke,  thus  rendering  the  amount  of  condensation  almost  independent 
of  the  tiihe  of  exposure  of  tiie  condensing  surface. 

If,  iiowever,  we  do  itssume  tliat  tiie  wasteful  condensation  is  jn-opor- 
tional  to  the  time  of  exposure  as  well  as  the  area  of  the  surface 
exjviscd,  it  can  be  shown,  by  means  of  the  differential  c-.dculus,  that 
the  stroke  of  any  steam  cylinder  should  c(pial  twice  its  diameter,  in 
order  that  the  condensation  -hall  Ix-  a  minimum  for  any  given  volume 
of  cylinder. 

*Tlio  Relative  Propurlions  of  tlie  .Steam  Kngiiie.  I,eetiire  1.  Mark^.  Lipiiiniutt  iS: 
Co.     ISTU. 
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Cotterill,  in  "The  Steam  Engine,"  advances  the  theory  that  the 
water  of  condensation  of  the  steam,  wliile  expanding  and  doing  useful 
work,  is  carried  out  in  the  exhaust,  and  that  none  of  it  remains  in  the 
cylinder  to  interfere  with  the  entering  steam  at  the  next  stroke,  and 
further,  that  tiie  water  wastefully  condensed  at  the  high  temperature  of 
the  entering  steam  is  re-evaporated,  at  least  in  part,  if  the  engine  is 
worked  expansively  during  the  latter  part  of  the  stroke,  when  the 
pressure  and  temperature  are  less,  heat  being  given  out  by  the  cylin- 
der. Thus  we  see  that  if  time  is  assumed  to  have  no  effect  upon  the 
amount  of  condensation,  we  have  stroke  and  diameter  equal ;  if  the 
condensation  is  proportional  to  the  time,  the  stroke  equals  twice  the 
diameter ;  and  further,  the  condensation  is  greater  as  the  difference  of 
temperatures  of  the  cylinder  walls,  and  the  steam  is  greater,  and  the 
time  it  is  allowed  to  act  is  increased,  which  seems  to  demand  super- 
heating of  the  steam  in  order  to  have  enough  surplus  heat  to  heat  up 
the  cylinder  without  wasteful  condensation,  and  a  diminution  of  the 
surface  to  be  heated  up  Avith  regard  to  the  time  of  contact.  Much 
speculation  has  been  indulged  in  on  these  points,  Ijut  we  have  as  yet 
no  experiments  ^vhich  will  do  more  than  verify  theories  in  the  rudest 
manner. 

We  are  safe  in  assuming,  until  we  have  much  more  accurate  experi- 
mental data  than  at  present  giving  proof  to  the  contrary,  that  the  time 
proportion  of  stroke  to  diameter  in  steam  cylinders  lies  much  nearer 
one  than  two. 

Philadelphia,  January,  1881. 


Cheap  Motors,— A  prize  of  1000  fr.  ($200)  has  been  awarded  to 
M.  de  Bisschop  for  a  small  motor,  suited  to  family  use,  on  the  recom- 
mendation of  M.  Tresca,  as  chairman  of  the  committee.  Although 
it  is  worked  by  gas,  which  is  always  a  dear  fuel,  this  inconvenience  is 
more  than  compensated  by  the  economy  attendant  upon  the  small 
amount  of  care  that  is  required.  Machines  which  do  a  work  of  5 
kilogrammetres  (36*17  foot  pounds)  per  second,  use  only  two  cents' 
worth  of  gas  per  hour,  at  the  Paris  price ;  the  machine  of  25  kilo- 
grammetres (180"8  foot  pounds)  use  five  cents'  worth.  The  larger 
machines  are  sold  for  $180,  the  smaller  for  $100. — Bull,  de  la  Sac. 
d^Encour.  C. 
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XOVKL    MODK  OF  OlM(  il  \A  TI  X(  I   AX    IXDKX    W'UKKL. 


\W  Koi:i;i;r  (hmmsmau,  l^li.l). 


In  the  manufacture'  ot"  |»iiiitiiii:;  presses  iiini-.'  :il)S()Iuto  ULvurac-v  is 
required  in  the  main  spur  wheels  and  the  ra<-ks  wjiich  (h'ive  the  Ijed 
tlian  in  ahnost  any  otiier  kind  ot"  luaehinery,  it"  indee<l,  the  demaiuLs 
of  any  other  class  he  S(»  exaetiu*!;.  The  Messrs.  Hoe  &  Co.,  of  New 
York,  not  satisfied  with  results  which,  while  satistyiuj^  their  patrons, 
mit:;ht  at  the  same  time  fall  short  of  the  recpiiremeuts  of  advaM«-eil  design 
and  construction,  brought  f»>rth  i>y  keen  comj>etition,  resolvetl  to 
obtiiiu  an  original  dividing  wheel  which  \\(»uld  ensure  ah-olute  timing 
in  the  presentation  of  :dl  sjiur  wheels  cut  fruin  it. 


One  specially  made  hy  \\'hitwortli  was  returutHl  as  not  e<pial  to 
wliat  the  Hoes  had  themselves  ;icc«mi[)li<hed,  and  it  was  resolvf<l  to 
make  a  new  one  "for  all  time."' 
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An  attempt  was  made  to  graduate  a  20  feet  wlieel,  of  seasoned 
wood,  on  a  vertical  axis,  kept  in  a  cellar  with  cement  floor.  But  tem- 
perature and  moisture  interfered  with  this,  and  a  6  feet  wheel  was 
made  of  cast  iron,  and  the  divisions  determined,  not  bv  dividing,  but 
by  building  up.  One  hundred  and  eighty  pieces  of  cast  iron  were 
filed  true  to  gauge  and  built  around  the  accurately  turned  rim,  each 
being  held  by  a  screw  and  a  clamj). 


One  of  these  pieces  being  removed  serves  as  a  stop,  to  cut  one 
tooth  of  the  main  spur  wheel  of  the  gear  cutter ;  and  then  the  oppo- 
site tooth  is  cut,  and  so  on,  every  precaution  being  taken,  as  slow  cut- 
ting, cutting  alternately  on  opposite  sides  of  the  rim,  to  guard  against 
errors  from  temperature. 
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The  one  liuii(lr«'<l  and  eiirlity  pieces  were  of  ca.st  inm,  were  exactly 
alike-  and  intercliaiigeable. 

( rreat  care  wa.s  taken  in  fittinir  tlieni  to  keep  the  metal  cool,  a.>  it 
wa."^  t'onnd  that  iiolding  <»iie  of"  the  j)ieces,  whicii  had  hecn  titled  to 
Lraiiire,  in  the  hand  for  a  few  second.s  wonld  expand  the  nn'tal  -o  that 
it  Wonld  not  reach  the  bottom  of  j^anire  bv  a  sixteenth  of  an  inch; 
also,  that  in.serting  a  piece  of  tissne  })aper,  eqnal  in  thickness  to  the 
thousandth  part  of  an  inch,  in  the  side  of  gauge  would  have  the  same 
effect.  When  tlie  pieces  were  tirst  fitted  to  the  wheel  it  was  found 
that  they  lacke<l  three-sixteenth  inch  (tf  a  perfect  circle,  which  made 
it  necessary  to  reduce  very  slightly  the  <liameter  of  the  wheel.  This 
was  done  by  revolving  the  wheel  very  >lowly  by  hand  on  a  vertical 
fixed  axis,  which  acciu'ately  fitted  the  hole  in  wheel,  against  a  stationary 
cutter,  very  hard  and  very  sharp,  iuaking  nece.ssju'ily  more  of  a  scrape 
than  a  cut.  Then  the  pieces  were  again  fitted,  and  it  was  found  all 
had  to  be  alteretl,  owing  to  the  change  in  the  .size  of  wheel.  This 
operation  was  repeated  many  times,  and  although  much  time  was 
spent  it  was  deemed  atlvi.sable  in  attaining  the  perfection  desired. 


THE    P(^LAUiZATi()N    i)V    SUl'M)  AM)  THE    NATIKE 
OF   VIBRATIONS  IX  EXTENDED  MEDIA.^ 


liy  S.  W.  IvOHiNsox, 

Profes.'ior  of  Phvsics  iiiul  Mecliaiiics.  Oliin  .State  rnivot>itv. 


The  phenomena  of  polarization  of  light,  heretofore  supposetl  due  to 
transversal  vibrations  can  be  exj)lainetl  on  the  basis  of  longitudinal 
vibrations  alone.  Polarization  of  sound,  extends  the  theorv  of  longi- 
tu<linal  vibrations  to  those  in  all  [)ossibIe  sid)stantial  media,  includ- 
ing luminous  ones. 

The  object  of  the  following  article  is  to  show,  i»y  theory  and  cxperi- 
juent,  that  longitudinal  vibrations,  such  as  in  .sound  waves,  ciui  In- 
polarized  ;  and  not  only  this,  but  also  to  show  that  it  is  irrational  and 
improbable  for  vibrati«>ns  in  extende<l  media  generally  to  be  primarilv 
•otherwise  than  longitudinal.  All  thi>  i>  aimed  especially  at  the//v/«.N- 
i-ersal  fheort/  of  light. 

It  is  well  known  that  light  can  be  radiated,  rcHei-ted,  refra<te<l, 
*  Copyright  1881,  by  S.  W.  Robinson. 
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(liifracted,  diffused,  can  be  made  to  interfere  and  can.  be  polarizetl. 
All  these  eifects  are  known  to  be  common  to  sound,  except  the  last, 
and  it  is  for  the  sole  purpose  of  explaining  this  in  light  that  the  con- 
venient theorv  of  transversal  vibration  has  been  set  up  by  physicists, 
for  the  single  case  of  luminous  vibration.  It  is,  therefore,  only  neces- 
sary to  polarize  sound  to  place  all,  the  known  effects  of  luminous  waves 
in  common  with  sound  waves,  or  to  make  the  theory  of  longitudinal 
vibrations  universal. 

Assent  to  the  above  notions  will  be  the  more  readilv  ffiven  after 
noticing  tlie  consideration  that,  in  polarized  light  it  is  not  necessarv 
to  suppose  the  vibrations  transv^ersal  till  after  passing  the  polarizer, 
and  that  the  latter  imparts  an  effect  equivalent  to  a  lateral  impulse,  as 
due  to  its  one-sided  action  upon  the  ray  transmitted,  thus  giving  cause 
for  vibrations  which  are  more  or  less  transversal ;  also  it  is  to  be 
noticed  that  transversal  vibrations  are  not  to  be  assumed  impossible 
when  sufficient  cause  exists;  it  is  simply  assumed  that  the  cause  is 
insufficient  when  a  material  particle  is  made  to  vibrate  from  the 
action  of  a  disturbance  at  a  remote  centre  transmitted  to  the  ])article 
considered  the  centre,  the  transmission,  and  the  })article  considered 
being  supposed  as  belonging  to  a  homogeneous  medium  of  indefinite 
extent.  As  regards  the  nature  of  tiie  vibratory  movements  of  parti- 
cles of  luminiferous  ether  may  we  not  justly  ask  that,  if  we  can  go 
through  such  a  range  of  density  as  from  platinum  to  hydrogen  with- 
out a  change  in  the  nature  of  the  vibrations,  where,  as  we  rise  in  the 
scale  of  ethereal  tenuity,  shall  longitudinal  end  and  transversal  begin  ? 
Why  should  the  luminiferous  ether,  now  considered  as  a  substance,, 
have  a  peculiar  form  of  vibration?  If  ether  undulations  can  be 
polarized,  why  not  undulations  generally?  These  questions  are  not 
answered  by  the  highest  authorities.  The  short  of  it  all  seems  to  be 
that,  if  polarized  light  had  never  been  discovered  probably  the  device 
of  transversal  vibrations  never  would  have  been  set  up.  Indeed,  so 
eminent  an  author  as  M.  J.  Jamin  says  in  his  three  volume  work  on 
Physics  at  the  outset,  in  his  lesson  on  polarization,  and  subsequent  to 
the  treatment  of  interference,  diffraction  and  other  phenomena : 
"What  has  been  said  previously  of  the  movement  of  luminous  waves 
is  absolutely  independent  of  the  directions  of  the  vibration.  *  *  * 
We  have  seen  in  acoustics  that  the  oscillations  of  the  molecules  of  air 
are  in  the  directions  of  propagation  of  sound ;  the  same  when  rods  or 
strings  vibrate  longitudinally,  but  are  perpendicular  to  the  directiou 
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of  propagation  in  waves  on  a  liquid,  or  wIh.-ii  strings  an<l  rods  vil)rate 
tran.sversely.  In  general,  imagine  in  any  niediuiu  any  centre  of  di.s- 
turbance  whatever;  it  imparts  to  any  given  molecule  a  vii>ratory 
movement,  generally  oblique  to  the  direction  of  radiation,  and  which 
can  be  decompo.sed  into  two  others,  one  longitudinal  and  the  other 
transversal.  E.xperiment  and  calculation  [irove  that  these  vibrations 
give  rise  to  two  species  of  concentric  waves,  wiiich  will  iiave  unequal 
velocities  of  propagation.  *  *  *  The.se  considerations  apply  to 
the  ether  as  well  a.s  to  heavy  bodies.  We  ask  if  the.se  waves  coexist 
in  this  ether,  which  produces  the  light  better,  the  longitu<linal  or 
the  transversal  vibrations?  This  question  can  only  be  answere<l  by 
experiment,  which  we  now  jn-oceed  to  do." 

This  is  a  more  coiiq)lete  statement  than  usually  met  with  on  undu- 
lations. We  find,  indeed,  a  ilenial  of  any  necessity  for  transversid 
vibrations  except  in  polarization,  and  even  there  a  general  (juestion  i.s- 
rai.sed  as  to  the  direction  of  vil)ration,  but  evidently  with  the  experta- 
tiou  of  deciding  it  in  favor  of  transversal  by  experimental  j>olariza- 
tion.  Also,  we  tind  support  of  the  doctrine  of  longitudinal  vibrations 
for  media  of  indefinite  extent,  and  of  transversal  at  the  limiting  sur- 
faces of  media,  such  as  in  waves  (»n  water.  But  the  general  thfory  ot' 
(»l)lique  viljrations  resolved  ti>  components  we  find  i)eset  with  doubts 
and  difficulties,  especially  if  we  are  to  admit  unecpial  velocities  of 
propagation,  as  claimed.  For  instance,  what  particular  component  is 
the  vel(H'ity  of  light  to  have?  Do  the  varieties  in  velocity  acc«Muit 
for  the  varieties  in  color?  Even  this  would  compass  but  a  part  of 
the  component.s,  and  what  office  have  the  remaining  ones?  A  peculiar 
oi)li(juity,  or  component  of  the  .same,  would  necessitate  a  peculiar  con- 
dition of  the  radiant  proi>er  for  [)rovoking  a  certain  oblitjuity,  etc.  in 
the  surrounding  ether.  If  this  be  gmnted,  what  is  the  character  of  a 
vibration  at  a  distance  from  the  radiant?  Supj)o.se  a  radiant  exciting 
oblicpie  vibrations  in  particles  of  the  ether  near  it;  this  movement, 
transmitted  to  the  next  particle,  will  tend  to  be  in  a  parallel  line,  and 
so  on  from  [)article  to  particle;  likewi.se  for  another  vibration  at 
another  point  of  surface  of  radiant.  This  would  cause  all  line-  of 
vibratory  motion  to  have  such  directions  as  t<»  pass  through  the  radi- 
ant, so  that  at  a  remote  point  ail  [)articles  would  l»e  found  vibrating 
in  lines  contained  within  a  visual  angle  of  th<'  radiant,  with  respei-t  to 
that  point.  For  example,  in  direct  sunlight  all  lines  of  vibration  of 
particles  at  the  earth  would  lie  within  the  angle  of  the  sun,  of  al>out 
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half  a  degree,  and  hence  almost  perfectly  longitudinal.  Again,  as  to 
the  motion  of  a  remote  particle,  it  should  be  the  resultant  of  all 
actions  extended  to  it  from  the  radiant,  and  hence  longitudinal.  In 
support  of  this  we  have  the  famous  principle  of  Hehuholtz  regarding 
the  action  of  natural  forces  among  mutually  interacting  material  points, 
viz. :  that  the  forces  must  be  central  forces  and  functions  of  the  dis- 
tance, and  hence  motions  of  remote  particles  can  only  be  longitudinal 
with  reference  to  the  centre  of  force. 

From  these  considerations  transversal  vibrations,  at  a  considerable 
distance  from  a  radiant,  seem  impossible,  hence  if  light  can  be  polar- 
ized why  not  undulations  generally.  The  writer,  after  much  study, 
became  convinced  of  the  possibility  of  this  about  eight  years  ago. 
At  two  diiferent  periods  apparatus  was  made  for  putting  the 
matter  to  an  experimental  test,  and  this  was  done  last  May  with 
satisfactory  results.  I  propose  now  to  describe  the  apparatus  and  give 
the  results. 

The  means  adopted  for  polarizing  the  undulations  is  the  same  as 
that  for  polarizing  light  by  reflection.  It  is  well  known  that  when 
sound  passes  from  one  medium  into  another  whose  velocity  of  sound 
diifers,  the  sound  is  refracted.  Recent  investigations  of  Henry,  Tyn- 
dall  and  others  have  indicated  that  when  sound  encounters  a  change 
of  density  of  medium,  as  when  passing  from  clear  atmosphere  into  a 
wall  of  fog,  there  is  a  reflection  of  sound.  Altogether  there  seems  no 
doul)t  but  sound  acts  like  light  in  these  respects,  that  is,  on  meeting  a 
change  of  refractive  power,  it  is  both  reflected  and  refracted,  as  light  is 
at  the  surface  of  water  or  of  glass.  The  reflected  light  being  polar- 
ized, the  reflected  sound  is  supposed  to  be. 

Applying  the  laws  of  Fresnel  and  Brewster — 1st,  that  the  index  of 
refraction  is  equal  to  the  ratio  of  the  velocities  of  the  waves  in  the 
media;  and  2d,  that  complete  polarization  is  obtained  for  the  particu- 
lar case  of  right  angled  reflected  and  refracted  component  rays,  we  are 
guided  to  the  proper  conditions.  We  conclude  that  any  two  sub- 
stances having  different  velocities  of  propagation  of  waves  may  be 
selected.  For  instance,  two  gases,  like  hydrogen  and  air,  any  two 
liquids,  any  two  solids,  a  solid  and  a  gas,  or,  generally,  any  two  media 
whatever.  Considerations  of  convenience  would  indicate  air  and  illu- 
minating gas,  and  these  were  chosen  for  the  present  purpose.  The 
velocities  of  propagation  in  air  and  coal  gas  being  as  1125  and  1420, 
the  index  of  refraction,  according  to  the  first  law  above,  is  h=  l-2(j. 
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The  second  law  gives  for  the  jjolarizing;  angle  of"  incidence,  tanget  /  = 
n  =  1*26,  or  /  =  51  f°,  the  rays  or  waves  being  in  the  gas.  To  real- 
ize this  ineidenee  upon  a  surface  of  separation  i)etween  the  ga.s  and  air, 
the  cool  gas  was  placed  in  L-shaped  tubes,  AB,  Fig,  1,  having  a  p<»r- 
tion  cut  awav  at  the  angle,  as  shown  at  CJ>.     The  ijranches  of  the  L 


make  equal  angles  of  512°  with  the  normal  to  CD.  A  delicate  mem- 
brane was  gummed  to  the  tube  covering  the  opening  at  CD,  also  shown 
at  F,  the  object  of  which  was  to  retain  the  gas  and  maintain  a  polar- 
izing surface,  CD.  The  arrow  at  .1  indicates  a  ray  which  is  incident 
at  E,  and  is  then  in  i)art  refracted  outward  at  E  in  a  direction  pcr{K'n- 
dicular  to  the  reflected  component  EB.  P^ach  tube  was  about 
one  int.'ii  in  diameter  and  three  inches  long.  A  number  of  the-e  were 
made  of  tin,  each  with  one  end  slightly  larger  than  the  other,  .so  that 
they  could  be  Joined  up,  stove-jiipe  fashion,  to  any  desired  extent, 
lieing  cylindricid,  the  plane  of  one  L  piece  could  be  placetl  at  anv 
angle  with  the  plane  of  the  preceding  one,  according  to  the  desired 
polarizing  test. 

Fig.  2  shows  the  manner  of  joining  the  tubes,  giving  the  etfect  of 
nine  polarizing  surfaces,  like  nine  })lates  of  glass  in  light  arranged  at 
the   polarizing   angle.     The  nine  plates  of  glass  am    be   used   in   two- 


^E 
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parts — one  part,  4  for  instance,  serving  as  a  polarizer  and  the  remain- 
ing 5  as  analyzer.  The  ends  at  .1  and  B  were  c:ipped  with  niem- 
branes   and    the    whole    filled    with     illuminatiny:    jras.       Thus    AC 
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may  serve  as  a  polarizer  and  OB,  or  CJE,  or  CD  as  analyzer.  A\^hen 
arranged  as  in  ACB  or  ACE  all  conspire  to  the  same  effect  of  polari- 
zation; but  when  arranged  as  in  ^4.  CD,  the  plane  of  all  the  L  pieces 
in  CD  being  at  right  angles  to  that  of  those  in  AC,  the  effect  of  one 
part  antagonizes  that  due  to  tlie  other,  and  to  a  maximum  degree  as 
regards  the  angle.  Partial  effects  mav  be  obtained  with  intermediate 
angles  between  0  and  90°.  Again,  we  observ-e  tliat  the  L  ])ieces  of 
Fig.  2  may  be  alternately  crossed,  so  that  no  two  contiguous  ones  will 
be  parallel.  It  is  believed  that  this  arrangement  will  give  the  great- 
est possible  antagonistic  effect ;  also,  while  all  Ls  are  in  one  plane  it 
is  not  necessary  that  they  be  arranged  in  a  zig-zag  line,  like  AC  and 
CE,  but  may  be  indiscriminately  connected  in  that  plane.  The  few 
experiments  made  with  the  above-named  arrangements  gave  very 
marked  results.  Of  course  it  need  not  be  confined  to  nine  or  any 
particular  number  of  the  L  pieces. 


Fig.  8. 

It  was  found,  however,  wanting  in  convenience.  The  apparatus 
finally  adopted  is  that  shown  in  Fig.  3.  A  different  number  of  L 
pieces  were  used  at  different  times.  The  portion  AB  is  the  polarizer 
and  _Z>Cthe  analyzer.  Tiie  joint  at  B  was  kept  tight  with  beeswax; 
the  ends  at  A  and  C  were  capped  square  with  the  same  membrane 
material  as  were  the  angles  of  the  Ls,  giving,  when  charged  with  illu- 
minating gas,  a  continuous  zig-zag  column  from  A  to  C.  The  L 
pieces  of  the  polarizer  enter  half  Ls  at  A  and  B,  tlie  latter  having  a 
common  axis  and  resting  in  bearings  at  A  and  B  in  the  standards,  as 
shown.     The  object  of  this  is  to  enable  the  experimenter  to  turn  the 
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jMilarizcr  rcadilv  Iroiii  fi-<i.-s  to  j)ar:ill('l,  etc  This  coiivoiiiLMit  arraii^n- 
iiieiit  of  the  ixAixr'i'/AiV  is  due  to  my  assistant,  Mr.  Wrii^ht.  Alth«jiiLdi 
applied  to  tlie  polarizer,  it  is  evi<lently  eipiiilly  aj)j)lieal>le  to  thi- 
analyzer  instead.  The  half  L  angles  were  not  covered  with  mem- 
branes, hut  left  solid,  with  trradnal  inside  eurvature.  Membranes 
niitrht  have  been  applied  here  with  ]>artial  polarizinj^  ert'eet.  The  half 
L  solid  angles  are  supposed  to  have  detracted  in  a  measure  from  the 
percentages  of  j)olarization  obtained ;  but  this  sacritiec  is  juon;  than 
compensated  for  by  the  greater  convenience  and  constanc-y  of  condi- 
tions obtained,  li'  this  arrangement  gives  decisive  results,  of  course 
more  perfect  ajn)aratus  would.  The  illuminating  gas  was  admitted  by 
a  nipple  and  rubber  hose  at  C,  the  same  flowing  the  length  of  tubes 
and  issuing  in  a  small  jet  at  //;  my  assistant  kept  this  ignite«l,  and 
used  the  Hame  length  as  a  pressure  indicator,  and  it  served  admirably. 

The  first  trials  were  niatlt-  bv  blowing  an  oruan  l>i|>e  in  tVunt  of  tin- 
iiKMubrane  .1,  to  agitate  th<'  gas  column.  A  small  niirroi"  was  attached 
to  the  membrane  C,  reHecting  a  pencil  of  light  u|)on  a  screen.  'J'hc 
(lej)ortment  of  the  image  indiciited  complex  an<l  inadmissible  vibratory 
niovi'Mients  of  gas  column,  and  besides  (piantitative  indication  wa> 
found  {(referable  to  (jualitative  ;  thereupon  the  quantitiitive  impidsc  and 
imlicator  j>endulunis  wci-c  adopted,  as  shown  at  E  und  /'respectively. 
Fig.  .">.  An  ivt>ry  b:ill.  \  inch  in  diameter,  suspended  by  a  thread  of 
S  inches  length,  was  u<ed  at  A',  and  so  placed  that  when  at  rest  the 
ball  would  just  touch  the  membrane  at  A.  The  iiu|»idse  was  imparted 
by  bringing  the  l)all  back  against  the  stop,  shown  by  means  of  a 
spatula  held  in  the  hand,  and  then  allowing  it  to  swing  free  against 
the  membrane,  each  time  with  a  delinite  predetermined  arc.  So  much 
of  the  impidse  as  reaches  ('  knocks  the  pendulum  F  through  a  cer- 
tain arc,  the  same  being  measured  on  the  stale  J>.  This  j)enduliun 
was  a  siuall,  hollow  glass  bead,  suspended  by  a  silk  tibre  and  trainetl 
delic-ately  against  the  ineml)rane.  The  bob  carritnl  a  pointer  tor  the 
scale  J). 

In  the  ■ex|)eriments  the  l)all  W((uld  be  dropjied  again>t  .1  some  live 
or  ten  times,  at  intervals  <»f  al)out  ten  see<»nds,  the  correspond inu 
deflect  inns  at />  being  noted  and  reconled ;  then  the  ]K)larizer  would 
be  turneil  [H)^  and  like  observations  noted.  Again,  JM)^  would  be 
turned  otf,  etc.,  etc.  ;  occasionallv  the  length  of  impulse  arc  would  Im- 
changed,  or  more  or  less  L  pieces  ap|>lied,  and  in  each  case  a  large 
niunl)er  of  observations  made. 
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In  the  experiments  the  initial  pulse  seemed  to  be  followed  by  a, 
series  of"  vibriitions  in  rapidly  decreasing  amplitudes ;  but  it  is 
believed  that  the  initial  pulse  is  equiv'^alent  to  a  genuine  sound  wave, 
or  an  undulation.  Evidence  of  soundne.ss  of  this  view  is  found  in 
the  fact  that  the  velocity  of  sound  can  be  satisfactorily  determined  by 
simihxr  pulses  sent  through  tubes  of  25  or  50  feet  length.  It  was  evi- 
dent that  the   initial   pulse   only  was  concerned  in  the  first  swing  of 

pointer  at  D. 

Results  of  Experiment. 

Polarization  of  undulations  by  rejieelion  from  a  surface  separating 
coal  gas  arid  air.  Signs  =  and  -{-indicate  relation  of  polarizer  and 
analyzer,  as  in  one  plane  or  in  perpendicular  planes  respectively. 

No.  obs. 

60 
40 
80 
112 
73 

Total  number  of  observations,  365. 

Mean  ])olarization,  weights  by  number  of  observations,  per  cent,  of 
unpolarized  ray,  6*41. 

Air  both  inside  and  outside  of  tube. 
1         11-44         12-21  26         —6-73  1  2 

^">        8-34  8-40  64         —0-72  3  3 

'Total  number  observations,  90. 
Polarization,  per  cent.,  2-46. 

The  per  cent,  is  obtained  by  dividing  the  difference  of  the  values 
under  the  signs  =  and  —  by  the  value  under  =. 

In  obtainingjthe  above  results  different  impulse  arcs  were  used,  also 
different  numbers  of  L  pieces,  as  indicated  in  last  column.  The  val- 
ues under  =  and  +  are  the  divisions  on  scale  D  of  swing  of  indi- 
cator pendulum,  each  being  a  mean  of  the  number  of  observations 
named. 

The  results  show  a  decided  effect  of  polarization,  though  of  smallc 
percentage  than  desirable.  If  the  negative  result  obtained,  with  air 
in  and  out  wiien  it  should  have  been  nothino;,  is  to  be  taken  as  due  to 
some  bias  of  the  a})paratus,  it  would  be  fair  to  add  a  like  value  to  the 
polarized  effect,  thus  changing  the  6*41  to  +  8-87. 


Gas  in  tube. 

Series 

= 

+ 

1 

10-74 

10-39 

2 

4.11 

3-98 

3 

9-09 

8-62 

4 

10-75 

9-44 

5 

4-30 

4-16 

Air  outside 

Per  ct. 

Ls 

in  AB. 

Ls  in  BC. 

3-26 

1 

2 

3-16 

1 

2 

5-17 

1 

2 

12-19 

3 

3 

3-25 

3 

3 
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But  a.s  a  lii<;li(  r  percentage  \v;ls  looked  for,  the  instrument  it^-lf 
was  now  e.\ainlne<l  tor  j)ossil)le  fanlt-s  ;  the  rnenil)niiK>  wen-  all  roinul 
under  eon.siderahle  tension,  wh(;re;ts,  of  eonrse,  they  should  lie  |»er- 
f'eetlv  free  from  it.  After  completely  sla«-kenin<;,  theti,  us  w;u-  .sup- 
posed, the  e.xpfriments  were  contirnicd  with  the  tollowin^f  result.-; 

P()LAIU/.\TI<»N    CONTINL'EI). 

Coal  (fas  in   L  tubes  and  Air  outside. 

Inilivuhud  nMiUb<. 

Polarizer  having  4  I^s  and  Analyzer  •")  Ls. 


«;•() 

G-o 

H-O 

5-0 

6-5 

•J  •.> 

«)-2 

G-o 

G-o 

(i-O 

O-O 

75 

5-.'> 

6-5 

.5-5 

G-0 

ri-2 

G-2 

iy-l 

<;•() 

7M> 

.5-;i 

<;-;5 

5-6 

6-5 

0-2 

7n 

♦  11 

5-H 

7'o 

5-2 

G-o 

0-2 

G-4 

')•] 

G-2 

»;•() 

5-7 

7-0 

5-0 

G-2 

0-7 

G-3 

")•."> 

G-l 

G-l 

0-.5 

7-2 

5-2 

G-C, 

G-(i 

G-:i 

.VI 

G-l 

(;-j 

5-x 

G-5 

5-0 

G-S 

5-2 

G-2 

5-2 

G-l 

«;-o 

7-0 

4-y 

(;-2 

0-2 

G-/) 

.V4 

G-5 

7'() 

40 

G-:'. 

5-;i 

G-;{ 
G-:> 

0-2 

G-S 
G-4 

()()7 

o-.s:; 

7-i:i 

o-(ll 

G-4;; 

o-.j(l 

(;•;',() 

:)-;{7 

G-:',4 

In  this  series  each  value  ^iven  in  any  cohunn  is  the  numlM-r  of 
divisions  on  the  scale  1>,  Fig.  3,  of  the  deflection  of  the  indif:it<»r 
priidiihiiu  l>o').  After  ohtaining  one  colnnin  of  results  the  polarizer. 
Ali,  was  turned  IM)",  and  the  next  column  obtained.  Thus  tht-  sev- 
eral columns  were  obtained. 

( )u  (•om|>lrtin<r  this  .series  of  observations  air  wa-  pasM-d  into  the  L 
tul>es,  completely  displacing  the  coal  gas,  so  that  the  membranes  were 
now  suspended  in  mid  air.  Other  cou<litions  remained  the  sime. 
Till'  indicator  pendulum  now  respondtnl  to  the  .siinie  impulses  so 
slightly  lis  to  be  barely  observable,  but  not  meitsurable,  ami  they  were 
ajtparently  the  .s:\me  for  the  polarizer  in  all  p<»sitions;  that  is  to  s:iv, 
when  air  was  upou  both  sidt^  of  the  reflecting  surface;^  there  was 
almost  no  appreciable  reflectiou.  This  evidently  slu>uld  U-  the  ••a>e. 
as  the  light  mi'mi)rane  itself  is  now  the  chief  t?ius«'  of  reflection. 
This,  com|)ai-cd  with  the  results  obtained  with  g:is  in  the  tulKts,  shows 
that  a  considerable  reflection  is  <lue  to  surface?*  of  <ie|Kiration  of  gn.s«*s 
differing  in  density. 
Whoi.k  No.  Vol.  CXI.  -  Tiiikd  Skrik.s  V.>I.  Ix.\.\i.i  14 
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As  regards  the  polarization,  we  observe  that  every  mean  under  ''=" 
is  larger  than  anv  mean  under  "— ",  a  fact  which  cannot  be  assumed 
accidental,  nor  explained  on  any  other  ground  than  polarization.     To 
find  the  percentage  of  this  in  a  single  result,  we  have 
Means  of  the  above  series. 

6-07  5-83 

7-19  5-01 

6-43  .5-50 

6-30  5-37 
6-34 

Means,  6'47  5-43 

T>          ^        ^>"^7  —  5-43       ,  n  1 
l^er  cent.  =  =  lb  1. 

6-47 

Whole  number  of  observations,  80. 

At  this  point  the  membranes  were  again  examined  and  found  to 
have  a})preciable  tension,  though  supposed  to  have  been  entirely  slack- 
ened at  the  beginning  of  the  series  of  observations  just  cited.  It  was 
thereupon  determined  to  slacken  them  with  the  utmost  possible  care, 
and  continue  the  observations.  TJie  following  table  of  individual 
rasults  was  then  obtained  in  the  manner  explained  abov^e: 

Polarization  Continued. 

Coal  Gas  in  tubes  and  Air  outside  of  tubes. 

Polarizer   having   4  Ls  and   Analyzer   5   Ls. 

Individual  results. 


=     ^ 

=: 

— 

= 

— 

=^ 

— 

= 

— 

z= 

4- 

=: 

+ 

1-2    0-9 

2-0 

10 

l-o 

10 

1-0 

1-0 

1-S 

1-4 

l-o 

0-9 

2-0 

1-0 

l-o     1-0 

21 

1-2 

1-5 

1-0 

1-4 

1-1 

l-o 

1-2 

1-5 

10 

2-1 

1-2 

1-5     10 

1-8 

1-1 

1-8 

1-0 

1-s 

1-1 

1-5 

1-4 

1-5 

1-0 

1-8 

1-1 

1-5     10 

2-0 

ro 

1-3 

ro 

1-9 

1-2 

1-7 

1-2 

1-5 

1-0 

2-0 

1-0 

l-o     11 

20 

1-0 

1-3 

1-0 

1-9 

1.0 

1-7 

11 

1-5 

1-1 

2-0 

1-0 

1-0 

2-0 

0-9 

1-2 

ro 

i-s 

1-0 

1-7 

1-2 

1-5 

10 

2  0 

0-9 

21 

0-9 

1-3 
l-o 

ro 

10 

1-0 

1-0 
11 
1-1 
11 

1-8 
1-7 
1-7 
1-6 

1-0 
1-0 

2-1 

0-9 

1-44  1-0(J 

2-OU 

1-01 

1-45 

i-oo 

1-71 

1-07 

1-67 

1-19 

1-50 

1-00 

200 

101 

Means 

For  gas  displaced  by  air ;  other  conditions  the  same ;  deflection, 
0*00 ;  polarizer  turned  90°  immediately  following  each  column  of 
results. 
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I'lie  sinallness  ot"  these  n.'sults,  coinjutred  with  those  of  th<,'  j)revioU"> 
.series,  may  Ix- ex|)laiiie(l  on  the  <^roiin«l  itf  extreme  and  entire  slackn* — 
of  the  membranes ;  also  thi;  shirkness  is  still  further  evincedijy  the 
fact  that,  when  air  (iisplaced  tiie  j^it^  no  deHeetion  o(  the  iudiaitor 
pendulinn  wius  ol)serval>le  in  response  t<t  the  impulses.  Tense  mem- 
hranes  would  have  turned  tlH'soinni  waves  sonx'what,  and  in  the  man- 
ner of  the  rebound  of  a  drumstick. 

To  obtain  tlic  pereentajj^e  of  polarizing  effect,  we  havt- : 

Mean  of  tlu'  <ihore  serieju. 


1-44 

vm 

2 -00 

l-oi 

VAT) 

l-()() 

1-7I 

1-07 

l-<)7 

M9 

1-50 

1-00 

2-0(:) 

1-ni 

Means,  l-<;8 

1(»4 

IVr  ci-nt.    

-  1-04  _ 

=  ;i8-i. 

1-68 

These  re-sults  e.stabli>h  the  following  facts  tor  sound  waves  or  for 
undulations,  viz.: 

1st.  A  decided  reflection  occurs  at  a  surface  separating  two  gases  of 
different  density,  <'onfirming  the  views  of  Henry  and  Tyndall  in  this 
regard. 

I'd.  in  repeate<l  reflection  tVom  such  surfaces  the  intensity  <»t"  the 
final  component  varies  with  the  relative  positions  of  those  surfaces,  the 
.same  following  the  laws  of  polarization  in  light,  from  which  we  con- 
<'lude  that  longitudinal  undulations  can  be  p«»larize<l. 

With  sound  polarizeil,  wc  complete  the  list  of  eflect.s  for  longitudi- 
nal undulations  whicjj  arc  known  to  light,  viz. :  railiation,  shadows, 
reflection,  retraction,  ditlusion,  diffraction,  interference  and  polariza- 
tion ;  and  the  laws  arc  common  for  like  conditions,  viz.:   for  inten<it\- 

of  radiation   in  ambient   space,        ;   in  parallel  space.       :   in  pri-matic 

-l)ace.  llki'  a   tube,        ;   tor  -IkuIow--,  reflection,  retraction  an<l  interfei-- 
€nce  as  well  known  :   tbr  diffusion,  as  when  a  steim  whistle  is  sonnde<l. 
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filling  the  air  with  its  ring;  for  diffraction,  as  sound  waves  diverging 
rapidly  after  passing  a  narrow  space  between  buildings,  like  light  in 
passing  a  narrow  slit  and  diverging;  and,  finally,  for  polarization,  as 
above.  In  studying  these  comparisons  we  should  recollect  the  vast 
difference  between  the  properties 'of  undulations  in  heavy  and  ethereal 
media.  Thus  the  wave  length  is  very  great  and  the  velocity  of  propa- 
gation very  small  in  sound  as  compared  with  light.  This  seems  suffi- 
cient to  account  for  the  greater  definition  of  shadows  in  light;  but 
when  a  slit  is  made  as  narrow  for  light  as  for  sound,  in  comparison  to 
wave  length,  the  diffraction  divergence  is  probably  about  alike;  that 
is,  the  shadow  of  a  silk  fibre  in  light  is  much  like  a  sound  shadow  of 
Bunker  Hill  monument,  for  instance.  With  these  considerations  it 
may  be  reasonable  to  expect  incomplete  or  only  partial  polarization 
with  such  apparatus  as  employed  above. 

The  conclusions  to  which  we  are  conducted  by  the  foregoing  may 
be  summed  uj»  as  follows: 

1st.  That  vibrations  in  extended  media,  produced  from  the  action  of 
a  remote  single  centre  of  disturbance,  can  only  be  longitudinal,  even 
in  light. 

2d.  That  vibrations  will  be  to  some  extent  transversal  when  due  to 
two  or  more  centres  of  disturbance  not  in  the  same  line,,  as  when  two 
or  more  independent  co-existent  systems  of  undulations  combine  into 
one,  or  when  a  simple  system  is  modified  by  such  lateral  disturbance 
as  a  reflection  or  a  refraction. 

3d.  That  undulations,  to  be  in  a  condition  called  polarized,  must 
consist  of  vibrations  which  are  transversal,  and  that  no  necessit}' 
exists  for  assuming  vibrations  transversal  in  front  of  a  polarizer. 

[Note. — As  regards  longitudinal,  oblique,  transversal,  etc.,  in  the 
foregoing,  the  estimate  is  to  be  taken  by  comparing  the  direction  of 
the  line  of  vibration  of  a  particle  with  that  of  propagation  of  the 
wave. 

My  acknowledgements  are  due  to  Mr.  Clarence  H.  Wright,  who, 
while  a  student  in  my  physical  laboratory  last  spring,  rendered  valua- 
ble aid  in  the  experimental  work.  The  arrangement  of  the  polarizer 
as  regards  the  half  Ls,  A  and  B,  Fig.  2-  and  the  bearings,  whereby 
convenience  is  secured,  is  due  to  him.] 
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Tlio  gyro.si'()|)(i  is  usually  .s)>i>k(.'n  <it'  as  a  toy.  It  i>  not  >iicli.  It  i-^ 
•as  iiii|>ortaiit  an  illnstration  ot"  the  law  of  cL'ntrifni^.il  force  as  the 
Atwiiod  machine  is  of  tlial  i»f  irravitation. 

It  is  seliloni  de^erihecl  in  those  j^atherinj^s  of  l>ltintlers  known  .ls 
"text-l)(»oks;"  and  .so  much  tlie  better  for  the  poor  children  wIkj  have, 
to  commit  the  statements  (true  or  false j  to  memory.  It  is  still  more 
r.irely  shown  t<»  a  cUtss,  periiaps  because  the  '"professor"  doe>  n<»t 
understand  it  himself. 

( )ne  ^reat  ditticulty  for  the  beginner  in  the  study  ot"  meehanie-  is 
the  erroneous  definition  of  imrtid;  another,  the  misleiidin*;  use  of 
the  words  "tendency '' and  "  tend,"  as  a|)|ilic<l  to  particles  under  the 
influence  of  force. 

Inertia  in  the  dictionaries  and  encyclop»ediiLs  is  used  a>  synonymuii- 
with  rls  litrrtitr.  In  the  text-books  it  is  described  its  a  properti/  of 
matter  by  which  when  at  rest  it  "teiuls"  t^)  remain  at  rest,  and  when  in 
motion  to  continue  in  motion  in  its  original  ilirection.  Tiiat  dead 
matter  can  exert  force,  as  the  term  ris  Inn-fiir  recpiircs,  is  ab,»urd  ; 
that  matter  <'an  ''tend/'  is  equally  so.  The  mistake  has  continued 
i'rom  the  fact  that  the  comi)ilers  of  text-books  have  copied  the  error- 
of  their  predeces.soi*s,  and  the  teacher  too  often  follows  the  Ixxik  with- 
out independent  thought. 

Inertia  is  not  a  force,  neither  is  it  a  property  of  matter.  It  i.-?  a 
convenient  word  to  represent  the  fact  that  all  change  in  matter,  whether 
physical  or  chemical,  is  due  to  t'orce.  Matt<?r,  ;us  we  see  it,  is  com- 
posed of  many  i>articles,  hence  the  c(»mnumication  of  the  force  re«piir«> 
time,  in  order  to  affect  each  particle  in  suc<"«.'ssion.  Force  is  nevt'r  lo>t, 
and  a  body  influenced  by  it  will  remain  under  it.s  infiueiu-e  until  the 
force  i.»  neutralized  or  altered  by  other  torccjj,  either  active  t>r  so-calh^l 
piussive.  ^Vmong  the  latter  are  classed  friction  and  resistance  of  the  air 
by  which  the  original  force  is  converted  into  a  new  form,  usually  heat. 

Perhaps  the  best  illustration  of  the  fact  that  the  "inertia  "of  a 
body  at  rest  is  due  to  the  law  that  the  communication  ot'  moti«»n  to  a 
mass  retpiires  time,  is  to  be  found  in  the  starting  of  a  long  ti-.iin  «>f" 
■I la I  cars.       The  drivei-   i)acks  his  engine   until  tin-  "i»umpei>>"  tou«'h 
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unci  the  coupling  links  are  slackened;  then,  starting  tlie  engine,  it 
picks  up  one  car  after  another,  and  thus  puts  the  train  in  motion. 
Were  the  train  "screwed"  together,  the  adhesion  of  the  driving-wheels 
would  fail  to  give  purchase  enough  to  start  it. 

The  "inertia  of  the  plane  of  rotation,"  as  seen  in  a  boy's  hoop  or 
top,  means  simply  that  the  original  muscular  force  applied  has  to  be 
exhausted  before  that  of  gravity  can  show  its  power. 

The  gyroscope  is  so  well  known  that  a  description  of  it  might  seem 
needless.  It  may  be  worth  the  little  time  necessary  to  describe  it  to 
those  who  wish  to  follow  the  ideas  of  the  model  closely. 

It  is  a  smooth,  heavy  disc  of  metal  on  a  shaft,  which  is  suspended 
in  a  ring  by  two  points  at  its  ends,  so  as  to  permit  of  free  rotation,  Fig.  1. 
It  is  started  by  quickly  drawing  off  a  string,  previously  wound  around 
the  shaft  after  the  fashion  of  a  boy's  top.  The  ring  is  firmly  fastened 
to  a  rod,  which  has  at  its  middle  a  cup,  and  on  the  other  side  of  the 
cup  a  counterpoise  weight,  which  can  be  fixed  by  a  set  screw  so  as  ta 
balance,  underbalance  or  overbalance  the  disc.  The  cup  rests  on  the 
point  of  an  upright  stem  fastened  in  a  base  board ;  thus,  hung  like  the 
ordinary  magnetic  needle,  the  whole  is  free  to  move  in  both  a  hori- 
zontal and  a  vertical  plane. 


Fig.  1. 

When  the  disc  is  balanced  and  the  string  pulled  no  movement,  other 
than  its  own  on  its  axis,  is  noticed.  For  convenience,  it  may  be  sup- 
posed to  have  right-handed  rotation,  to  wit,  that  of  the  hands  of  a  watch. 

When  the  disc  is  not  in  rotation,  if  underbalanced  it  falls  to  the 
base-board  or  table,  if  overbalanced  it  is  caused  by  the  Aveight  of  the 
counterpoise  to  rise.  Although  these  movements  are  not  strictly  in  a 
vertical  plane,  they  may,  for  the  purpose  of  making  the  explanation 
shorter,  be  so  considered. 

When  the  disc,  after  being  set  whirling,  is  underbalanced,  instead  ot 
falling  it  remains  in  the  vertical  plane,  and  at  the  same  time  a  motion, 
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<allc'<l  '' pref-es-sional,"  of  tin-  whole  system  iirouiid  the  upiijrht  .stem  is 
iiftticed.  'l'hi.«  precessional  inoti<tn  is  more  rapid  as  the  vehxity  of  tlie 
disc  is  j;reater.  It  is  in  an  horizontal  plane,  and  its  dire<tion  i«  riirht- 
liande<l.  Jiein^  in  a  plane  at  riirht  angles  to  that  of  the  tli-M-.  the 
motion  is  in  a  direetion  opposite  to  that  of  the  npper  edge  of  the  disf;. 
As  the  di.se  gradually,  from  frietion  of  the  l)earings  and  of  the  air, 
comes  to  rest,  the  prece.s-ional  motion  diminishes,  slowly  eeits«*>.  and 
the  <li.se  falls.      When  overl)alanee<l  the-se  movements  are  reverse<l. 

The  MKHlel  which  I  siiUniit  is  intended  to  explain  these  phenomena. 
It  prcsiijiposcs  a  knowledge  of  the  principle  of  the  composition  and 
resolution  of  force,  [t  can  he  made  hy  any  one  of  thi<'k  pasteUuird, 
or  at  a  small  exjH'nse  hy  a  tinsmith. 


Fiir.  -1. 

n  a'  vertical  ci>iii|M>nent.s.       b  b'  liori7.<)ntnl  cuiujxmcMts.        P  I"  Partules  iiiuler 
iiirtiit'ncT  of  tlio  <vntrifu^;il  font'. 

( )n  the  opposite  sides  of  the  disc,  which  i-;  mounted  on  a  >tem 
with  a  eouiiter[K)i8e,  are  eut  slots  in  the  form  of  arn»ws,  a-  re|»n*- 
sented  in  the  eut,  Fig.  2.  In  these  slots  are  placed  arrow>,  slightly 
smaller  than  the  slotij.  Thi'se'  are  hung  by  wire  near  the  barb, 
so  that  they  move  freely  through  the  slots.  The  arrow  {<i\  on  the 
left-hand  side  is  weighttnl  by  .solder  at  its  butt,  that  on  the  right- 
hand  side  (</')  is  weighted  at  its  |R>int.  AVhen  the  dis<-  is  tilte<l  the 
arrows  will  still  remain  verticjil,  but  with  the  jM)ints  in  opposite  direi- 
tions.  The  arrangement  of  the  horizontal  arrows  will  Ik»  explain«il 
later.  The  supposed  particU's,  y>and  y>',indi<*;ited  by  dots  paintt^l  on  the 
disc,  are  under  the  inHuenee  of  two  forces;  tii-st,  that  of  the  arm  useil 
in  drawing  otf  the  string.     This  im[M?ls   them   in  the  direction  given 
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when  the  disc  was  in  a  vertical  plane.     Second,  that  of  gravity,  which 
pulls  the  disc  towards  the  earth. 

A¥e  have  represented  by  the  arrows  the  components,  a  and  b,  and 
a'  and  b'  of  the  resultant  motion  of  the  two  supposed  particles,  one  near 
the  upper  edge  of  the  di.sc,  the  other  near  the  lower  edge,  and  on 
opposite  sides;  they  are  moving  in  opposite  directions  at  the  same 
time.  The  direction  of  the  rotation  is  shown  by  arrows  painted  on 
the  disc  near  its  upper  and  lower  edges. 


Fig.  3. 


Fig.  4. 


When  the  disc  is  tilted  (Fig.  3)  the  vertical  components  remain  ver- 
tical, like  plumb-lines.  The  })ressure  of  a  upwards  and  a'  down- 
wards on  opposite  sides  of  the  disc,  due  to  their  continuing  in  their 
first  direction  by  virtue  of  the  original  force  applied,  will  cause  a 
movement  around  the  point  of  support,  s,  on  the  known  principle  of  a 
"couple,"  or  bent  lever.  This  can  readily  be  shown  by  pressing  at 
the  same  time  on  the  front  and  back  of  the  disc  at  the  points  indicated 
by  the  barbs  of  the  arrows,  the  disc  being  counterpoised.  The  pre- 
cessional  motion  will  result. 

The  arrows  representing  the  horizontal  components  are  hung  to  the 
disc  by  a  wire  hinge  near  the  point.  They  are  attached  by  strings, 
s,  to  posts  on  the  base-board,  P  and  P' ,  one  in  front  of  the 
disc,  the  other  behind  it.  The  holes  for  the  strings  are  in  the  barbs 
of  the  arrows.  The  heads  of  the  arrows  indicate  the  pressure  of  the 
original  force  in  opposition  to  an  attempt  to  change  the  direction  of 
the  original  vertical  plane  of  rotation  by  the  precessional  movement. 
This  can  be  shown  by  pressing  near  the  upper  and  lower  edges  of  the 
disc,  as  the  arrows  point,  when  the  disc  will  be  forced  upward  by  a 
vertical  force  acting  as  a  couple,  or   through  a  bent  lever,  as  before, 
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Fi;;:.  4.     Tlic  neutralization  of  the  force  of  gravitation  acting  on  the 
disc  is  thus  shown. 

This  explanation  of  the  phenomena  of  the  gyro.sco|)e  is  not  claimed 
as  original.  The  plan  of  the  model  for  class  illustration  is  i)elieved 
to  1)6  so.  The  model  is  on  dej)osit  at  the  Fraid<Iin  Institute,  and  any 
one  is  at  liberty  to  make  a  copy. 


SOUND  FROM  RADIANT  FM:R(iY 


I 


The  announcement  that  A£r.  W.  II.  Preeee,  the  President  of  the 
Society  of  Telegraph  Engineers,  would  lecture  on  the  "Photophone 
and  the  Conversion  of  Radiant  Energy  into  Sound,"'  attracted  a  large 
number  of  auditors  to  the  hall  of  the  Institution  of  Civil  Kngineerson 
Wednesday,  December  8th.  This  was  partly  due  to  the  intrinsic 
interest  of  the  subject  coupled  with  the  well-known  ability  of  the  lec- 
turer, and  partly  to  the  fact  that  Professor  Bell  himself  was  expected 
to  be  present.  Mr.  Preeee  began  his  discourse  by  a  reference  to  the 
other  three  great  inventions  of  the  last  four  years  :  the  telepiione,  the 
phonograph,  and  the  micro[)hone,  all  of  which,  together  with  the 
latest  marvel,  the  photoj)iione  itself,  were  concerned  in  the  transmis- 
sion and  reproduction  of  sound. 

After  explaining  that  sound  was  a  sensation  caused  by  a  vibratory 
motion  in  the  air  communicating  itself  to  tlie  drum  of  the  ear,  he  illus- 
trated the  composite  nature  of  light  by  throwing  a  splendid  spectrum 
on  the  screen  with  the  help  •)f  Mr.  Ladd.  Light,  he  observed,  is  a 
sensation  of  the  eye  set  up  by  the  action  of  a  vibratory  motion  in  the 
luminiferous  ether.  The  telephone  owes  its  action  to  an  electric  cur- 
rent varying  in  sympathy  with  the  vibrations  of  the  air  constituting 
sound,  and  it  is  clear  that  if  a  substance  could  be  got  which,  under  the 
influence  of  light,  would  vary  an  electric  current  pa.ssing  through  a 
telephone,  the  transmission  of  sound  to  a  distance  by  means  of  a  vibr.i- 
tory  beam  would  be  rendered  feasible.  Such  a  substance  is  selenium,  a 
bo<lv  discovered  in  the  year  1817  by  J^erzelius,  wiien  he  was  looking 
for  tellurium.  i)ut  it  is  so  intractable  in  its  physieal  {properties  that 
Professor  IJt'li  has  had  to  overcome  a  great  many  ])ra<-rical  ditliculties 
in  adai)ting  it  to  his  })urpose. 

We  have  so  recently  described  the  genesis  of  the  photo])hone  and 
its  actual  construction  that  it  will  be  unnecessarv  for  us  to  follow  Mi-. 
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Preece  at  length.  Vie  shall  rather  aim  at  presenting  the  most  iiu\'el 
parts  of  his  lecture  and  the  fresh  ideas  it  evoked  in  the  discussion. 
The  history  of  selenium  is  in  a  physical  sense  very  interesting.  It  is 
an  instance  of  a  little  known  and  somewhat  ambiguous  mineral,  neither 
metal  nor  non-metal,  which  by  virtue  of  a  peculiar  property,  accidentally 
discovered  by  Mr.  Wil  lough  by  Smith,  has  been  chosen  from  among 
its  fellows  and  exalted  into  honor.  While  seeking  for  a  convenient 
form  of  high  resistance  to  be  used  in  cable  testing,  Mr.  Willoughby 
Smith  found  that  the  exposure  of  a  piece  of  selenium  to  light  generated 
an  electric  effect  in  it  which  could  either  be  attributed  to  a  diminution 
of  its  electrical  resistance,  or  to  the  creation  of  a  current  in  the  material. 
This  original  experiment  was  exhibited  to  the  meeting  by  Mr.  Wil- 
loughby Smith  with  the  aid  of  a  box  \vhich  could  admit  or  exclude 
the  light  from  a  piece  of  crystalline  selenium  connected  in  circuit  with 
a  battery  and  a  reflecting  galvanometer.  The  light  of  a  lucifer  match 
falling  on  the  selenium  was  sufficient  to  deflect  the  light  spot  oft"  the 
scale. 

Mr.  Willoughby  Smith's  discovery  gave  rise  to  the  question  whether 
the  effect  was  due  to  the  light,  heat,  or  active  rays  of  the  spectrum,  and 
whether  it  was  a  diminution  of  resistance  or  a  new  current  excited. 
With  regard  to  the  first  question,  all  subsequent  investigatoi's  have 
shown  it  to  be  due  to  the  light  rays,  Professor  W.  Grylls  Adams  and 
Professor  Bell  attributing  it  chiefly  to  the  yellowish-green  or  middle 
rays  of  the  spectrum,  and  Lieutenant  Sale  to  the  red  rays.  With  regard 
to  the  second  question  Professor  Adams  has  distinctly  proved  that  a 
current  is  really  set  up  in  the  selenium  by  the  action  of  light,  with- 
out a  battery  at  all  being  in  the  circuit — a  discovery  confirmed  l)y  Mr. 
W.  Crookes.  The  last  mentioned  investigator  coated  the  vanes  of  a 
radiometer  on  one  side  with  chromic  oxide,  and  on  the  other  with 
selenium,  and  found  that  in  May  of  one  year  they  rotated  in  a  certain 
direction  under  the  influence  of  light,  while  in  October  of  the  same 
year  their  rotation  was  in  the  opposite  direction.  In  searching  for  the 
cause  of  this  peculiar  behavior  he  traced  it  to  the  use  of  a  sperm  candle 
giving  a  white  flame  and  making  the  selenium  surfaces  to  retreat  on 
the  one  occasion,  and  the  use  of  a  wax  candle  giving  a  yelk»A\'  riame 
making  the  chromic  oxide  surfaces  to  retreat  on  the  other  occasion. 
Here,  then,  we  have  two  substances  differently  affected  by  rays  of 
unequal  refrangibility,  the  selenium  being  more  sensitive  to  rays  of 
higher  refrangibility  or  smaller  wave  length.     Mr.   Robert  Sabine's 
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experiments  witli  .selenium  li:ive  establislie<l  the  faet  that  l»y  tin-  aetiun 
of  li^lit  on  tiiat  snb.^tanee  an  eleetromotive  force  is  set  u})  at  tin-  sur- 
face on  which  it  falls;  and  Professor  Minchin,  of  Cooper's  Hill  Col- 
lege, has  <lemonstrat<'<l  that  light  falling  on  one  of  t\\<»  tin-foil  plates 
immerse<l  in  hard  water  generates  a  comprratively  powerful  current. 
These  observations  tended  t<»  show  that  tli<-  ettect  <»f  light  ou  -elenium 
wa.s  to  generate  an  electric  current;  hut  other  <'Xj>eriments  l»y  Mr. 
Sabine  and  others  had  prove<l  that  there  was  also  u  diminution  resis- 
tance; and,  as  Professor  Adams  remarked  in  the  di.scussion,  both  eftects 
are  produced  together,  the  diminution  of  resistance  being  the  stronger 
effect,  and  it  is  that  up(»n  which  the  theory  of  the  photojdione  is  ba.<ed. 
The  intractable  nature  of  crystalline  selenium,  and  it-  extremely 
variable  resistance,  were  fii-st  discovered  by  Dr.  Werner  Siemen-.  who 
found  the  variation  of  its  resi.stence  under  the  influence  of  light  to  be 
proportional  to  the  i^qiiare  root  of  the  illuminating  power  of  the  Ijuht  : 
l>ut  when  he  attempted  to  co  j-truct  a  photometer  on  this  prin<ii>lc  he 
was  met  with  disaj)i)ointment  owing  t<»  the  uncertain  resistance  of  the 
material.  Two  fragments  of  selenium  from  the  ^•auxv  pir'ce,  ])repare<l 
in  preciselv  the  .same  way,  gave  widely  different  results,  and  the  -nme 
fragment  altered  from  day  to  day.  Professor  Achims  h:is  observed  that 
the  resistance  decrea.ses  by  time,  and  instanced  a  pie<-e  which  fell  from 
7,600,000  ohms  in  May,  1H76,  to  7-45  ohms  in  May,  1877.  Thi-  lia- 
bility to  .secular  variation  was  one  of  Profes.sor  Bell's  difficulties  in 
working  out  the  photoj)hone;  .so,  also,  was  the  ])hysical  "fatigue' 
experienced  by  the  mineral  luider  the  prolonged  action  of  the  light. 
This  was  ejirly  observed  by  Dr.  ( '.  W.  Siemens,  in  experimenting  with 
his  "selenium  eye,"  a  simple  ai)|>MratiLs  consisting  of  a  hollow  ball  con- 
taining a  .sensitive  plate  (»f  selenium  fixed  in  the  focus  of  a  len>  in  front 
of  which  are  two  movable  shutters,  these  various  parts  corresponding 
respectively  to  the  retina,  the  crystalline  lens,  and  the  eyelids  ot'  the 
human  eye.  The  selenium  plate  is  placed  in  circuit  with  a  battery  and 
galvanometer,  and  every  time  that  light  is  admitted  to  the  selenituu  by 
the  opening  of  the  evelids,  a  corresponding  deflection  take-  place  in  the 
galvanometer;  the  needle  rctui'uing  to  its  zero  jtosition  when  the  light 
i>-  again  cut  ofl".  When  the  action  is  repeated  <»ften  the  selenium  fail- 
to  respond  as  prom]>tlv  as  lufore,  and  the  eft<Li't  is  lessened.  Thisdniw- 
b;ick  had  also  to  be  overcome  by  Professor  Bell.  X'arious  form-  of 
selenium  cell  employed  bv  him  were  illustrate*!  by  Mr.  l^reetv. 
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The  experiments  which  have  kxl  Professor  Bell  and  Mr.  Sumner 
Tainter  to  announce  the  discovery  that  all  bodies  are  rendered  sonorous 
under  the  influence  of  an  intermittent  or  vibratory  beam  of  light  were 
verv  lucidly  described  by  Professor  Bell  himself  in  opening  the  discus- 
sion. He  explained  how  an  intermittent  beam  of  light,  either  luminous 
•or  deprived  of  its  luminous  ravs  bv  passage  through  a  screen  of  ebonite, 
and  allowed  to  fall  on  thin  disks  of  any  material,  wood,  paper,  metal, 
gutta  j)ercha,  glass,  etc.,  caused  the  disks  to  give  out  a  nuisical  tone  oi 
a  pitch  depending  on  the  number  of  intermissions  [)er  second,  and  of  a 
iimbre  depending  on  the  nature  of  the  disk.  Even  tobacco  smoke  and 
■crystals  of  sulphate  of  copper  held  in  a  test  tube  in  the  path  of  the 
intermittent  beam  emitted  a  corresponding  tone,  and  even  when  the 
l^eam  was  simply  focused  within  the  outer  ear  itself,  without  any  auxil- 
iary appliances  whatever,  a  note  was  likewise  audible.  In  the  short 
discussion  which  followed  the  lecture  this  conclusion  of  Professor  Bell 
that  all  bodies  are  rendered  sonorous  by  the  fell  of  light  In  this  manner, 
was  j)leasantly  cpiestioned  by  Dr.  Tyndall,  who  thought  it  might  be 
due  to  the  expansion  caused  by  the  impact  of  heat  rays;  and  in  support 
of  his  remarks  he  cited  an  experiment  which  he  had  made  in  the  pres- 
ence of  Professor  Bell  at  the  laboratory  of  the  Royal  Institution.  He 
took  the  vapors  of  two  volatile  bodies,  bisulphide  of  carbon  and  sul- 
phurous ether,  and  exposed  them  successively  in  a  glass  vessel  to  the 
intermittent  beam  of  light ;  and  he  argued  that  if  the  effect  was  due 
to  the  absorption  of  heat  and  the  consequent  expansion  of  the  vapor,  an 
audible  effect  would  be  obtained  from  the  sulphurous  ether,  while  on 
the  contrary,  the  bisulphide  of  carbon  would  give  no  eflect  owing  to 
the  fact  that  it  is  almost  completely  transparent  to  heat.  The  result 
was  that  the  sul])hurous  ether  yielded  a  distinct  nmsical  note,  and  the 
bisuli)hide  of  carbon  was  (piite  silent.  So  far,  then,  as  this  experiment 
goes,  Professar  Tyndall's  surmise  is  correct ;  but  the  subject  will  have 
to  be  cross-examined  by  a  variety  of  careful  experiments  ere  the  ques- 
tion can  be  set  at  rest. — Engineering. 


Progress  of  Electric  Lighting. — AVe  have  already  referred  to 
the  extensive  sales  of  the  Brush  machine  in  England  and  America. 
A  similar  demand  exists  for  other  machines,  and  it  is  said  that  Sie- 
mens Bros,  have  more  than  1000  of  their  machines  now  in  use  for 
purposes  of  illumination. — La  Gaceta  Industrial.  C 
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THE    LATEST     METHODS    FOR    PIKJDUCTNG    PHOTO- 
TRACINGS    IX   iii>ACK  AX  I)  (OEOR. 


Two  new  j)roce.sse.s  tor  taking  plioto-trucings  in  black  and  color  have 
recently  been  published — "Nigrography  "  and  "  Anthrakotype  "' — both 
of  which  represent  a  real  advance  in  photographic  art.  By  these  two 
processes  we  are  enabled  for  the  first  time  to  accomplish  the  rapid  pro- 
duction of  positive  copies  in  black  of  j)lans  and  othei"  line  (h'awings. 
Each  of  these  new  methods  has  its  own  sphere  of  action;  both,  there- 
fore, should  deserve  e(iually  descriptive  notices. 

For  large  plans,  drawn  with  lines  of  even  breadth,  and  showing  n«> 
gradated  lines,  or  such  as  shade  into  gray,  the  process  styled  "nigro- 
graphy,"  invented  by  Itterheim,  of  Vienna,  and  jiatented  both  in 
(rermany  and  Austria,  will  be  found  best  adapted.  The  base  of  this 
process  is  a  solution  of  gum,  with  which  large  sheets  of  paper  can  be 
more  readily  coatetl  than  with  one  of  gelatine;  it  is,  therefore,  very 
suitable  for  the  prej)aration  of  tracings  of  the  largest  size.  The  pa})er 
used  must  be  the  best  drawing-paper,  thoroughly  sized,  and  on  tiiis 
the  solution,  consisting  of  25  parts  of  gum  arabic  dissolved  in  10(> 
parts  of  water,  to  which  are  added  7  parts  of  pota-ssium  bichromate 
and  1  part  of  alcohol,  is  spread  with  a  broad,  flat  brush.  It  is  then 
dried,  and  if  placed  in  a  cool,  dark  place  will  keep  good  for  a  long- 
time. \\  hen  used,  it  is  jdaced  under  the  ])lan  to  be  reproduced,  and 
exposed  to  diffused  light  for  from  five  to  ten  minutes — that  is  to  say» 
to  about  14°  of  Vogel's  photometer;  it  is  then  removed  and  placed 
for  twenty  minutes  in  cold  water,  in  order  to  wash  out  all  the  chro- 
mated  gum  which  has  not  been  affected  by  light.  By  pressing  between 
two  sheets  of  blotting-])aper  the  water  is  tlven  got  rid  of,  and  if  the 
exposure  has  been  correctly  judged  the  drawing  will  appear  as  dull 
lines  on  a  shiny  ground.  After  the  paper  has  been  completely  (lrie<^l 
it  is  ready  for  the  black  color.  This  consists  of  o  parts  of  shcllai-,  K^O 
parts  of  alcohol,  and  15  })arts  of  tinely-j)owdered  vine-black.  A 
sponge  is  used  to  distribute  the  color  over  the  paper,  anil  the  latter  is 
then  laid  in  a  2  to  3  per  cent,  bath  of  sulphuric  acid,  where  it  must 
remain  until  the  black  color  can  be  easily  removed  by  means  of  a  stitf 
brush.  All  the  lines  of  the  drawing  will  theii  a[)pear  in  black  on  a 
white  ground.     These  niu;roiirai)hic   ti-aciny;s  are  verv  tine,  but  thev 
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only  appear  in  complete  perfection  when  the  lines  of  the  original  draw- 
ing are  perfectly  opaque.  Half-tone  lines,  or  the  marks  of  a  red  pencil 
on  the  original,  are  not  repnjduced  in  the  nigrographic  copy. 

"Anthrakotype"  is  a  kind  of  dnsting-on  process.  It  was  invented 
by  Dr.  Sobacchi,  in  the  year  1879,  and  has  been  lately  more  fully 
described  by  Captain  Pizzighelli.  This  process — called  also  ''Pho- 
tantliratography  " — is  founded  on  the  property  of  chromated  gelatine 
which  has  not  been  acted  on  by  light  to  swell  up  in  lukewarm  water, 
and  to  become  tacky,  so  that  in  this  condition  it  can  retain  powdered 
-color  which  had  been  dusted  on  it.  Wherever,  however,  the  chro- 
mated gelatine  has  been  acted  on  by  light,  the  surface  becomes  horny, 
undergoes  no  change  in  warm  water  and  loses  all  sign  of  tackiness.  In 
this  process  absolute  opacity  in  the  lines  of  the  original  drawing  is  by 
110  means  necessary,  for  it  reproduces  gray,  half-tone  lines  just  as  well 
as  it  does  black  ones.  Pencil  drawings  can  also  be  copied,  and  in  this 
lies  one  great  advantage  of  the  process  over  other  photo-tx'acing 
methods,  for,  to  a  certain  extent,  even  half-tones  can  be  produced. 

For  the  paper  for  anthrakotype  an  ordinary  strong,  well-seized  paper 
must  be  selected.  This  must  be  coated  with  a  gelatine  solution  (gela- 
tine 1,  water  30  parts),  either  by  floating  the  paper  on  the  solution,  or 
by  floM'ing  the  solution  over  the  paper.  In  the  latter  case  the  paper 
is  softened  by  soaking  in  Avater,  is  then  pressed  on  to  a  glass  plate 
placed  in  a  horizontal  })osition,  the  edges  are  turned  up,  and  the  gela- 
tine solution  is  poured  into  the  trough  thus  formed.  To  sensitize  the 
paper,  it  is  dipped  for  a  couple  of  minutes  in  a  solution  of  potassium 
bichromate  (1  in  25),  then  taken  out  and  dried  in  the  dark. 

The  paper  is  now  placed  beneath  the  drawing  in  a  copying-frame, 
and  exposed  for  several  minutes  to  the  light;  it  is  afterwards  laid  in 
cold  water  in  order  to  remove  all  excess  of  chromate.  A  copy  of  the 
original  drawing  now  exists  in  relief  on  the  swollen  gelatine,  and,  in 
order  to  make  this  relief  sticky,  the  paper  is  next  dipped  for  a  short 
time  in  water,  at  a  temperature  of  about  28°  or  30°C.  It  is  then  laid 
on  a  smooth  glass  plate,  superficially  dried  by  means  of  blotting-paper, 
and  lamp-black  or  soot  evenly  dusted  on  over  the  whole  surface  by 
means  of  a  fine  sieve.  Although  lamp-black  is  so  inexpensive  and  so 
easily  obtained,  as  material  it  answers  the  present  purpose  better  than 
any  other  black  coloring  substance.  If  now  the  color  be  evenly  dis- 
tributed with  a  broad  brush,  the  whole  surface  of  the  paper  Avill  appear 
to  be  thouroughly  black.     In  order  to  fix  the  color  on  the  tacky  parts 
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of  the  gelatine,  till-  ])a|MM-  niii^t  iK'Xt  Im- (Iri<-<1  hy  artitifial  heat — say, 
l»v  j)hi«iiig  it  near  a  stove— ami  this  has  the  advantiige  of  still  further 
inrreasing  the  stickiness  of  the  gelatinf  in  the  ])arts  whirh  have  not 
been  acted  upon  by  light,  so  that  the  coloring  matter  adheres  even 
more  firmly  to  the  gelatine.  When  the  i)a|)er  is  thoroughly  dry,  placv 
it  in  water,  and  let  it  !>•'  ])layed  on  by  a  strong  jet;  this  removes  all 
the  color  from  the  parts  whidi  have  been  exj)osed  to  the  light,  and  so 
develops  the  picture.  Jiy  a  little  gentle  friction  with  a  wet  sponge,  the 
<lev(lopment  will  be  materially  promote<l. 

A  highlv  interesting  ])eculiarity  of  this  anthrakf)type  process  is  the 
fact  tiiat  a  <"opy,  though  it  may  have  been  incorrectly  ex|)osed,  can  still 
be  s;ive<l.  For  instance,  if  the  image  does  not  seem  to  be  vigorous 
enough,  it  can  be  intensified  in  tin-  simplest  way:  it  is  oidy  necessary 
to  s(»ak  the  i)aper  afresh,  then  dust  on  more  color,  etc.;  in  short,  repeat 
the  developing  process  as  above  described.  In  difficult  cases  the  dust- 
ing-on  may  be  repeated  five  or  -ix  times,  till  at  last  the  desired  inten- 
sity is  obtained. 

By  this  process,  therefore,  we  get  a  j)ositive  copy  of  a  ]>ositive  orig- 
inal in  black  lines  on  a  white  ground.  Of  course,  any'btiier  coloring 
material  in  a  state  of  |»owdcr  may  be  used  instejid  of  soot,  and  then  a 
colored  drawing  (»n  a  white  gn»und  is  obtained.  Very  pretty  varia- 
tions of  the  j)rocess  may  l>e  made  i)y  using  gold  or  silver  paj)er,  and 
dusting-on  with  different  colors;  <»r  a  picture  maybe  taken  in  gold 
bronze  j)owder  on  a  white  ground.  In  this  way  colored  drawings  may 
be  taken  on  a  gold  or  a  silver  ground,  and  very  bright  photo-traeings 
will  be  the  result.  Some  examples  of  this  kind,  that  have  been  sent 
us  from  Vienna,  are  exceedingly  beautiful. 

Summing  up  the  respective  advantages  of  the  two  jiroeesses  we  have 
tibove  described,  we  may  say  that  "  nigrography  "  is  best  adaj)ted  for 
<>opying  drawings  of  a  large  size;  the  copies  cjin,  with  difficulty,  i>e 
distinguished  from  good  autograph,  and  they  do  not  possess  the  i>ad 
quality  of  gelatine  papers — the  tendency  to  roll  up  and  ci-ack.  Draw- 
ings, however,  which  have  shadow  or  gradated  lines  cannot  be  well 
produce<l  by  this  ])roL'e-s;  in  such  cases  it  is  better  to  adopt  "anthra- 
koty[)e,"  with  which  goo;|  results  will  be  oi)tained. — Phofof/r>tpfiir 
NcwK. 
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Pictet's  Ice  Machines. — ^Pictet  has  read  a  paper  before  the 
French  Society  of  Civil  Engineers  upon  heat  and  the  general  theorv 
of  frigorific  engines,  in  which  he  hiys  down  several  important  laws 
and  formulae,  and  explains  some  details  of  the  operation  in  various 
popular  machines.  In  closing  his  communication,  he  invited  the  mem- 
bers to  visit  his  works,  where  two  ice-making  macliines  are  operating 
with  sulphurous  acid,  one  of  which  produces  1 100  kilogrammes 
(2425  lbs.)  of  ice  per  hour. — Ami.  dii  Gen.  Civ.  C. 

Laws  of  Electro-Magnetic  Machines.— J.  Joubert  finds  that 
for  a  given  intensity  of  field,  under  whatever  other  conditions  the 
machine  may  operate,  at  the  moment  when   it  gives  the  maximum 

work  the  intensity  is  constant  and  equal  to  the  quotient  by  1  ^  2  of  the 
absolute  maximum  intensity;  the  electro-magnetic  work  is  propor- 
tional to  the  velocity;  the  velocity  is  in  a  constant  ratio  to  the  resist- 
ance. The  machines,  therefore,  differ  from  ordinary  batteries,  inas- 
much as  the  battery  maximum  requires  no  external  resistance — Compte.<i 
Rendics.  C. 

Deadening  Vibrations. — An  encouragement  of  500  fr.  (SlOO) 
has  been  awarded  to  AT.  Anthoni,  of  Levallois  Perekt,  for  a  ])lan  for 
deadening  the  shocks  and  vibrations  which  result  from  the  use  of 
mechanical  hammers,  pile  drivers,  etc.  It  consists  in  the  interposition 
of  plates  and  washers  of  caoutchouc  between  the  base  of  the  machines 
and  their  foundations,  so  as  to  leave  no  contact  between  the  metal  and 
the  ground,  except  through  the  intervention  of  elastic  media.  Some 
of  his  macliines  have  been  put  in  operation  with  encouraging  results. 
— Bull,  de  la  Soc.  d'Encow.  C. 

Vines  from  Soudan. — Th.  Lecard  has  found  numerous  botanical 
surprises  in 'the  immense  and  dangerous  solitudes  of  Soudan.  Among 
the  most  valuable  novelties  are  a  variety  of  wild  vines,  with  fruit  of 
a  delicious  flavor,  herbaceous  stalks,  and  perennial  tuberculous  roots. 
The  beauty  and  abundance  of  the  fruit,  the  vigor  of  the  plant,  and 
the  ease  of  culture  by  simple  plantation  of  the  tubercles,  lead  him  to 
hope  that  they  may  be  acclimated  in  France,  as  a  substitute  for  thti 
vines  which  are  destroyed  by  the  phylloxera.  He  has  procured  a 
large  quantity  of  seeds  for  distribution  to  the  agricultural  and  scien- 
tific establishments  of  Algiers,  France  and  other  parts  of  Euroj^e. — 
Comptes  Rendu.'i.  C. 
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Dangers  of  Unequal  Loads. —  In  a  recent  <li.sciissi<jn  before  an 
arcliitcctiiral  .society,  in  Pari.<,  one  of  the  engineers  attributed  the  fall 
of  the  roof  of  St.  Martin  market  to  the  unequal  di.stribution  of  the 
snow,  whicii  had  been  swept  by  the  wind  and  drifted  in  some  places 
to  a  depth  that  had  never  been  anticipated.  It  can  readily  be  .<een 
that  such  drifts  might  i)reak  a  weak  purlin,  and  thus  withdraw  a  i)art 
of  the  support  of  one  of  the  beani.s,  so  as  to  lead  to  the  destruction  of 
the  entii'e  I'oof.  —  C'hroii.  fixhisfr.  C 

Vibratory  Forms  of  Circular  Pellicles.— C  Decharme  re|)orts 
some  e.xpei'iiiiciits  upon  circular  ])ellicles  of  soaj)y  water,  which  are  set 
in  vibration  by  means  of  musical  rods.  He  finds  that  for  any  given 
diameter  of  pelicle  the  nuinl)er  of  nodes  are  inversely  pmpoi-tional  to 
the  corresponding  lengths  of  the  vibrating  rr»ds.  This  fundamental 
I'cIatioM  is  the  same  as  the  one  which  he  had  previously  discovere<l  in 
the  vibrations  of  bubbles,  and  all  his  ecpiatioiis  appear  to  l>e  a}»|>liea- 
ble  in  both  cases. —  ('omjtfrs  Ri'udn.s.  ('. 

Mechanical  Action  of  Light. — Charles  Cros  refers  to  a  meuK.ir 
which  lie  a<ldre.->ed  [<>  the  l"'ivncli  Academy  on  the  20th  of  May,  1872. 
ill  which  he  anticipated,  iVom  the  action  of  diflerent  media  ujidu 
luminous  rays,  a  reliction  of  light  upon  the  medium.  He  ])ropo>ed 
eertain  experiments  for  rapidly  and  regularly  interrupting  the  pa>sage 
uf  a  rav,  so  as  to  produce  audible  sounds,  as  Graham  Jiell  has  recently 
done  bv  means  of  the  photophone. —  Compfes  Bciulus. 

[The  control  of  a-thereal  vibrations  by  mechanical  acti<»n  a}tpear<  lo' 
have  been  first  demonstrated  by  Chase,  in  his  experiments  before  the 
American  Philosophical  Society  in  lS()4.]  C. 

Trouve's  Motor.  —  l''"r  several  months  M.  Trouve  has  made 
numerous  experiments  with  his  new  motor,  which  he  has  attached  t«» 
the  hunting  yawl  Ic  Tclcp/ionc  The  game,  not  being  startled  by  the 
noise  and  movement  of  oars,  allow  the  boat  to  approach  them  very 
nearly,  so  as  to  be  cai)tured  in  large  numbers.  At  first  the  yawl  had 
a  velocity  of  i"2  metres  [)er  >econd  (2Mj8  miles  per  hour).  After  cer- 
tain changes  a  velocity  was  obtained  of  2  metres  per  second  (4'47 
miles  per  hour)  when  moving  against  the  current,  and  of  2'.>  meti-i~ 
(5"49  miles)  when  moving  with  the  ciu-ivnt.  Much  greater  velocities 
are  anticipated  from  the  mnic  pdwerfiil  luotorx  which  arc  soon  to  be 
built. —  Citron.  Indndr.  C". 

Wiuu.E  No.  Vol.  CXI. — ('riiiRi'  Skkies,  Vol.  Ixxxi.)  lo 


226  The  Odors  of  Park.  [Jour.  Erank.  Inst. 

Wool  Sorting. — Levoiturier,  an  entomologist  of  Elbeuf,  has  pre- 
pared a  long  list  of  the  coleoptera  which  he  has  found  in  the  wools  of 
different  regions  of  the  globe,  and  which  he  has  classified  so  as  to  show 
those  which  are  peculiar  to  special  regions.  This  classification  has 
rendered  an  important  .service  to  the  wool  industry,  since  a  simple 
inspection  will  often  enable  the  sorter  to  decide  upon  the  origin,  and 
consequent  value,  of  .samples  which  might  otherwise  be  in  doubt. — 
Les  Mondes.  C. 

The  Telephone  in  China. — The  Chine.se  alphabet  is  so  peculiar 
that  there  is  great  difficulty  in  devising  any  practicable  system  for 
conveying  telegraphic  messages.  The  telephone,  therefore,  is  received 
with  peculiar  favor  by  the  Chinese  government,  which  has  at  length 
decided  to  establish  a  complete  system  of  telephones  throughout  the 
country,  commencing  north  of  Yang  Tse  Kiang.  The  work  will  be 
conducted  under  the  charge  of  J.  A.  Betts,  the  American  telegraphist, 
under  whose  superintendence  the  telegraphic  line  was  built  from  Tien- 
tsin to  Taku. — L^Ingen.   Univ.  C. 

Application  of  the  Photophone  to  Solar  Explosions.— 

Al)bi''  Moin-no  suggests  the  possiljility  that  the  j)hotophone  may  l^ecome 
a  means  of  intercourse  between  individuals  upon  different  planets,  or 
even  in  different  system.s.  Graham  Bell,  having  been  invited  by 
Jan.ssen  to  the  observatory  of  Meudon,  examined  with  great  care  the 
photographs  of  the  sun's  surface.  Jans.sen  having  stated  that  they  gave 
evidence  of  movements  of  a  prodigious  rapidity  in  the  photospheric 
materials,  Bell  conceived  the  idea  of  employing  the  photophone  for 
the  reproduction  of  the  .'^ound  which  must  nece.s.sarily  arise  from  tlv 
explosions. — Les  Mondes ;   Comptes  Rendus.  ('. 

The  Odors  of  Paris. — H.  Sainte  Claire  Deville  has  analyzed 
samples  of  the  dark  soil  which  immediately  underlies  the  pavements 
of  Paris,  and  finds  that  the  odors  which  arise  from  it  are  in  no  wise 
injurious,  on  accoiuit  of  the  empyreumatic  and  antiseptic  products 
which  are  constantly  introduced  by  the  illuminating  ga.s  that  escapes 
from  the  street  mains.  This  is  not  the  case,  however,  Avitli  the  .sewage 
material,  from  which  disagreeable  odor.s  are  con.stantly  exhaled  in 
many  parts  of  the  city  and  its  environs.  He  anticipates  from  Pas- 
teur's investigations  some  early  discoveries  which  will  relieve  them 
from  their  cholera  producing  and  typhoid  tendencies. — Comptes 
Rendus.  C. 
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A  Hi.-^ToRY  OF  THK  Jkttif;s  at  Tin;  Mouth  of  the  Mi.ssi.s.«ipim 
JdvEK  (.la.s.  B.  Kads,  Chief  Eiiiriiioci).  By  L.  C.  Corthell,  C.E. 
Cliiet"  as.sistaiit  and  resident  Enijjineer  diirinji:  their  eonstruction. 
8vo.  Xew  York:  Jolin  Wiley  tV:  8<»ns,  1S8(). 

History  i.s  eonipo.sed  ot"  battles,  and  this  history  })<jrtrays  some 
antagonisms  and  exnlts  in  .some  victories,  whose  memories  could 
Jiave  been  left  witliont  an  epitapli,  with  not  a  little  propriety.  As  a 
narrative  oi'  engineering  acconi})lisiinient,  and  an  exam[»le  of  controlling 
a  river  upon  a  large  scale,  the  history  of  the  ])rogress,  day  by  day,  of 
the  work  in  overcoming  original  obstacles,  in  meeting  developed  ones, 
and  finally  in  attaining  success,  the  book  ijecomes  an  interoting  addi- 
tion to  enirineeriny;  literature. 

The  great  value  of  the  work  rests  upon  its  being  a  full  account,  with 
maps  and  charts,  of  the  Mississi])pi  river.  A  di.scussion  of  the  ai)[)li- 
cation  of  the  system  of  controlling  currents  of  rivers  In'  jetties  is  al.s(t 
given,  with  a  statement  of  examples  in  other  lands,  and  a  tolerably 
<'omplete  description  of  the  appliances  for  effecting  the  work  :  dretlgei>, 
j)ik'  drivers,  a})paratus  for  preparing  concrete  blocks,  etc.,  as  well  as 
the  material  of  jetty  building,  mattres.ses,  cribs  and  cement  blocks  and 
their  manipulation.  In  the.«e  regards,  this  work  of  Mr.  Corthell 
becomes  a  i>iece  of  the  standard  literature  of  modern  engineering,  and 
demands  a  place  in  every  library  of  the  class.  R.  B. 


Searles'  Fieij)  EN<;iXEERiX(i.  A  hand-book  t»f  the  Theory  an«l 
Practice  of  l^ailway  Surveying,  Location  and  Construction.  M'illiam 
II.  Searles,  C.E.    "l2mo.  "  New  York:   Wiley  i\c  Sons,  1880. 

At  once  the  most  profitable  and  the  most  useful  technical  litenUure. 
is  that  wliii'h  has  adapted  science  to  common  u.se;  and  the  text-l>ook, 
or  hand-book,  which  bridges  over  the  chasm  between  the  learning  of 
the  schools  and  the  api)lications  to  j)ractice,  affording  either  knowledge 
or  aiding  memory,  sui>pliesan  essential  and  constant  want.  Such  books 
are  necessjirily  incomplete  in  elementary  information,  incomplete  in 
logical  deduction,  incomplete  in  univers;il  ap})lication;  but  in  all  tlie.>e 
regards  of  information,  deduction  or  application  they  neeil  not  l>e  erro- 
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neons.  In  fact,  their  end  is  best  served  when  they  are  comprehensible^ 
correct  in  statement,  and  suited  to  meet  usval  demands  in  the  particular 
technical  field  to  which  they  apjiertain.  And  this  particular  hand- 
book possesses,  in  a  great  measure,  the  merits  belonging  to  the  best  of 
the  class. 

In  one  special  regard  this  book  deserves  commendation ;  it  is  not 
attempted  to  load  the  pocket  of  the  user  with  a  folio  of  instruction  in 
simple  arithmatic  and  elementary  mathematics.  The  violent  assump- 
tion that  a  man — the  reader — must  hnoiv  these,  before  he  sets  up  for  a 
civil  engineer  is  actually  asserted  in  the  first  page  of  the  preface!  And 
the  book  at  once  proceeds  to  discussions  and  problems  in  the  practice 
of  railway  construction,  such  as  one  desires  to  refresh  his  memory  about, 
after  years  of  disuse  and  forgetfulness,  when  the  emergency  arises. 

In  some  points  the  tables  are  wanting  in  convenience  in  taking  out 
figures.  Clusterjng  50  lines  of  figures  to  each  page,  as  is  universal  in 
German  tables  (100  lines  for  two  facing  pages),  is  highly  advantageous. 
The  table  of  logarithms  of  numbers  would  have  been  more  useful  for 
quick  reference  and  field  use  if  it  had  been  restricted  to  four-figure 
numbering  and  five-figure  logarithms,  while  for  office  use,  the  longer 
tables  of  five  numbers  and  seven-figure  logarithms  is  indispensible. 
But  objections  to  these  tables  would  measurably  disappear  as  one 
becomes  habituated  to  the  use  of  them.     The  book  needs  an  index. 

We  know  of  no  compendium  so  convenient  for  ready  reference,  and 
none  where  tabular  information  has  been  made  so  dependent  on  the 
text  and  equally  convenient  to  apply  without  chance  of  mistake.    R.  B. 


The  Principles  of  Tiiermo-dynamics,  with  special  Application- 
to  Hot-Air,  Gas  and  Steam-Engines.  By  Robert  Ron tgen,. Teacher 
Polytechnic  School,  Ramseheid.  Translated,  revised  and  enlarged 
by  A.  Jay  du  Bois,  Professor  Yale  College,  New  Haven,  Conn. 
8vo.     New  York:  John  Wiley  &  Sons,  1880. 

Possibly  it  would  have  been  better  if  the  title  were  to  have  acknowl- 
edged the  sources  of  principal  enlargement.  Prof.  Verdet,  j\I.  Pernolet, 
Prof.  Zenner  and  others,  as  is  admitted  in  the  preface. 

The  work  itself  is  a  collection  of  knowledge  on  the  subject  of 
thermo-dynamics,  translated  and  prepared  by  Prof,  du  Bois  for  the  use 
of  technical  classes  in  colleges  and  polytechnic  institutes.  While  a 
logical  course  of  instruction  is  indicated  to  the  student  by  a  series  of 
questions  for  examination,  which  have  been  appended  to  each  chapter. 
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From  ilif;  |)r;ictif;al  jioint  of  viow  it  may  Imj  ivmarkt.'il  that  too  miir-li 
|»romin('iif'e  and  sj)aco  is  ^(wau  t<j  numerous  ^|)C'(•ial  fa«-sot' meclianisms 
for  hot-air  and  <ras-c'nti:int'.s,  many,  if  not  most,  of  whicli  are  now 
merely  historic  curiosities,  while  the  discussions  of  hij^her  ty|>es  of 
-team-engines,  which  have  developed  its  real  working  existence,  are 
imperfectiv  considere  1.  The  real  a|)|)lications  of  thermo-dynami<- 
j)rojK.-rties  give  sufficient  grounds  for  >tudy,  so  that  the  curiositic-  of 
proposition,  or  of  startling,  hut  unproductive,  demonstration,  may  he 
-<'t  aside  as  a  i)ortion  <»f  the  pleasant  reading,  "the  diversion-  of 
l^irley,"  for  the  learne<l,  who  have  l)ecome  surfeited  with  elementary 
knowledge.  A  chapter  on  cold-producing  machines,  lor  examj)le, 
would  become  a  practical  study,  sufficiently  difficult  to  test  the  reasoning 
ahilities  of  u  class,  and  would  carry  with  it  tin-  inculcation  of  po>itive 
knowiedjje. 

Whatever  mi«;ht,  or  <an,  he  the  method  or  arj'ument  or  cour-c  r»f 
examples  of  a  perfect  text-hook  on  thermo-<lynamic>  (which  study 
ought  to  he  one  of  a  series  of  mechanical  text-books,  with  references 
ind  cross-references  throughout  the  series),  it  is  certain  that  Prof, 
du  Bois  has  collected  the  most  th(M'ough  and  practical  work  in  the 
English  language  to  this  time;  and  that  its  study  is  made  simple  and 
easy  to  the  mechanical  engineer  who  has  the  applications  of  heat  as 
niic  of  the  demands  of  his  practice.  \\.  JJ. 


On  Angi'Lar  Apertihe  ok  ()h.ie<tivks  im;  rm:  Mkin ►>((»!•£. 
With  A))pendix  and  18  full-pa«rc  Illustrations.  Hv  (ico.  E.  lilack- 
luun,  M.D.,  F.R.M.S.  8vo.  New  York  :  The  Industrial  Publi- 
cation Company,  188(J. 

The  publication  before  us  is  the  reprint  of  a  |)aj)er  read  bv  I)r. 
Bhickham  l)efore  the  Microscopical  Congress  at  Indianapolis,  Ind., 
Aug.  loth,  1878,  anil  is  worthy  to  be  on  the  table  of"  everv  working 
micr<»sci»pist.  It  is  rarely  that  we  meet  with  so  clear  and  concise  an 
exposition  of  so  difficult  anil  mui'li  ilisputed  a  subject  as  we  Hnd  in 
this  treatise,  and  we  cannot  but  congratulate  the  author  on  the  happv 
omission  of  all  mathematical  formuke  and  calcidations,  which  -o  tre- 
([Uently  only  bewilder  the  student  of  microscopv  wh<»  is  not  an  accom- 
plished mathematician.  In  plain  and  siujple  language,  and  bv  tin-  :u,l 
of  excellent  diagrams,  we  think  the  author  has  succeeded  in  making 
an  intri<-atc  subject  clear  enough  for  any  one  to  undei*stand.  The  bo..k 
is  elegantly  bound,  and  the  press-work  a-  w.]l  m-  iIh.  illustnitii»n  do 
great  credit  to  the  puldishei-s.  C.  S. 
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Inteoductiox  to  the  Study  of  Chemical  Keactio^'S.  By  Dr. 
P.  E.  Drechsel,  Prof.  Physiol.  Cliem.  at  Leipzig  University.  Trans- 
lated by  N.  F.  Merrill.  12mo.  Xew  York  :  John  Wiley  &  Sons^ 
1880. 

This  book  we  confidently  believe  will  prove  of  great  value  to  the 
student  of  theoretical  chemistry.  It  is  well  adapted  as  a  companion 
to  the  usual  college  text-book,  and  gives  a  lucid  and  comprehensive 
explanation  of  chemical  reactions,  according  to  the  most  recent  views 
of  modern  chemistry.  Its  exposition  of  the  rationalistic  formula  is 
the  most  satisfactory  we  have  seen  in  any  text-book.  R.  H. 


Easy  Lessons  in  Sanitary  Science.  By  Joseph  Wilson,  M.D.,. 
Medical  Director  U.  S.  Xavy.  8vo.  Philadelphia :  Presley  Bla- 
kiston,  1880. 

Again  it  devolves  upon  us  to  chronicle  the  advent  of  a  work  upon 
that  much-agitated  subject,  sanitary  science.  It  might  be  con.strued  as  a 
favorable  omen  by  optimists  that  such  an  amount  of  interest  is  mani- 
fested in  a  science  which  has  for  its  object  the  increase  of  the  happi- 
ness of  the  race,  and  it  is  not  without  some  force  of  reasoning  that 
discovery  and  invention  are  regarded  as  potent  factors  in  promoting 
peace  and  comfort,  inasmuch  as  the  .same  mental  activity  which  con- 
trives those  destructive  engines  which  make  war  so  terrible  that  nation.s 
hesitate  to  invoke  hostilities  to  adjust  their  differences,  also  devises 
means  to  combat  and  exterminate  those  insidious  and  invisible  enemies 
which  assail  us  from  various  sources,  and  against  which  we  have  hith- 
erto considered  ourselves  powerless. 

The  design  of  the  little  work  under  review  appears  to  be  to  take  the 
place  of  those  "  Primers "  which  supply  such  an  important  want  in 
other  sciences;  namely,  an  insight  into  the  broad  principles  underlying 
each  department  of  knowledge,  in  order  that  those  who  cannot  find 
time  to  go  further  may  at  least  avoid  entire  ignorance — for  it  is  now 
admitted  that  a  little  knowledge,  far  from  being  dangerous,  is  often  of 
the  utmost  value,  besides  being  all  the  best  informed  can  boast  of, 
upon  many  subjects. 

The  first  half  of  Dr.  Wilson's  work  is ' de\oted  to  the  subject  of 
the  drainage  of  land,  and  its  influence  upon  its  productiveness  and  the 
health  of  its  inhabitants,  illustrating  his  conclusions  by  circumstances 
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whicli  have  rmmt  under  his  own  ohscrvarion,  whieh,  althoii'^h  some- 
what iiiiiiecc-ssarily  aiiij)lifle(l,  iievertliel<-;s  serve  to  j)r(»v<.'  hi-  state- 
ments to  he  eorrect. 

'J'h<'  next  suhjeet  eon.sidered  is  house  (h-ainaije,  its  defects  and  their 
remedies  being  set  forth  by  most  ai>jHV)])riate  cuts  in  connecti«»n  with 
some  important  suggestions. 

The  writer  then  liastily  presses  on  to  review  the  drainage  of  cities 
and  tlie  important  i)roblems  involved,  and  incidentally  calls  attention 
to  the  danger  <»f  drinhing  the  water  of  rivers  jtolluted  with  sewage, 
owing  to  tiie  ])ossil)ility  of  imbibing  the  ova  ol"  some  <»f  the  cntozoa 
infesting  the  human  b(»dy,  and  suggests,  as  a  [)ossiblc  remedy,  wells,  or 
filtering  galleries  situated  adjacent  to  the  bank  of  tlje  river,  from  which 
water  might  be  drawn  freed  from  its  impurities. 

Witli  some  desultory  remarks  uj)on  defective  plumbing  tiie  work 
closes,  and  we  tiiink  that,  taken  as  a  whole,  it  is  j)robablv  nion-  calcu- 
lated to  attract  the  general  ])ublic  than  any  hitherto  j)iil)h"<hed  upon 
this  subject.  W.  15,  (;, 
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Inteejior   Illuminatiox,     With  !»<)  illustrations.     By    William 
Edward  Sawyer.     8vo.     Xew  Y(»rk:   J).  \"an  Xostrand.      ISSl. 

TJiis  is  a  book  of  gre^it  practical  value  to  all  who  wish  to  under- 
stand thesubject.  The  style  is  exce|)tionally  clear  and  c(>m|>rehensive. 
We  of  course  ])erfectly  understand  that  the  book  is  written  in  oi-der  t»» 
introduce  the  Sawyer  system  of  lighting  to  the  general  jmblii-;  there- 
fore the  closing  words  of  the  Preface,  imi^iicitly  carried  out  as  thev  are 
througliout  the  whole  book,  appear  noble  bv  comparison  with  manv 
books  of  the  same  order.  We  quote:  "Those  who  expect  to  find  them 
devoted  to  criticism  of  the  labors  of  other  experimentalist-  will  Ik' 
e«(ually  disajipointed.  In  the  position  of  an  impartial  student  and 
observer,  1  have  sought  less  to  indicate  defects  than  to  exhil)it  aceom- 
plishments." 

Of  the  work  o.'5  |)ages  are  devoted  to  a  lull  description  uf  all  the 
types  of  dynamo  machines,  of  which  onh-  ten  di-scribe  the  Sawver. 
Thirty-three  engravings  fully  illustrate  this  jtortion  of  the  IxHtk.  A 
view  of  each  machine,  with  diagrams  of  internal  construction  in  <let^\il 
are  given,  and  explained  in  the  text  with  unusual  clearness  and  j)er- 
spicuity.  Especially  is  this  the  case  in  the  winding  «tf  the  wires  in 
the  various  methods  of  construction,  so  that  any  intelligent   nuH-hanic 
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could,  from  the  drawings  and  text,  ea.sily  construct  any  of  these 
machines.  The  various  physical  laws  are  introduced  incidentally,  as 
occasion  requires.  The  writer  has  not  seen  any  book  from  which  so 
much  detail  can  be  learned  as  from  this. 

As  the  Sawyer  light  is  of  the- incandescent  class,  of  course  the  book 
treats  of  that  class  in  particular,  devoting  61  pages  of  text  and  32 
engravings  to  the  lamps  and  carbons,  nearly  one-half  of  which  is  taken 
up  with  other  patents.  The  details  of  the  Edison  alone  are  illustrated 
bv  7  diagrams,  giving  the  best  idea  of  the  process  of  manufacturing 
tJie  Edison  lamp  we  have  seen ;  also,  a  fine  view  of  the  Maxim  form. 
As  a  part  of  the  lamp,  20  pages  and  5  plates  are  devoted  to  the  manu- 
facture and  preservation  of  carbons.  A  page  diagram  is  given  of  the 
Sprengel  pump,  as  used  by  Edison  and  others.  All  conflicting  patents 
appear  to  be  given,  with  dates.  The  chemical  notes  beginning  page 
105  are  excellent.  His  remarks,  page  103,  upon  the  comparative  cost 
of  arc  and  incandescent  lighting  present  the  subject  so  clear  that  we 
quote:  ''Light  by  incandescence  is  considerably  more  costly  than  light 
by  the  voltaic  arc,  when  the  volume  of  light  obtainable  is  the  sole  con- 
sideration. The  same  expenditure  of  power  that  will  produce  a  light 
of  1,000  candles  by  the  voltaic  arc  will  not  produce,  on  an  average, 
more  than  half  or  one-third  as  much  light  as  incandescence  in  a  divided 
circuit.  It  should  not,  however,  be  forgotten  that  the  power  of  any 
light  decreases  as  the  square  of  the  distance  from  it,  and  that  one- 
fourth  of  the  light  of  the  arc,  distributed  at  four  or  five  appropriate 
points,  thus  reducing  the  power  of  each  light  to  y^g-  of  that  of  the 
■voltaic  arc,  will  give  substantially  as  good  a  general  illumination  as 
the  arc.  The  incandescent  light  is  whatever  may  be  desired.  The 
.arc  light  is  necessarily  a  powerful  one.  The  objection  to  it,  if  used 
without  a  shade,  is  its  great  intensity  and  ghastly  effects;  and  in  order 
.to  obviate  these  defects,  glass  shades  of  more  or  less  opacity  are 
■employed,  which,  according  to  tests,  involve  a  wastage  in  light  of, 
With  ground  glass,    .  .  .30  per  cent. 

With  thin  opal  glass,  .  .  40 

With  thick  opal  gla.ss,  .  .  60 

In  some  cases  wastage  is  nearly  75  per  cent." 

Experiments  in  France  on  the  Jablochkoff,  with  the  necessary  oj)al- 
€scent  globes,  "it  is  found  that  only  43  per  cent,  of  its  full  power  is 
available."  "It  is  proper  to  remark  that  the  light  of  the  incandes- 
ce:it  carbon  is  verv  unlike  that  of  the  voltaic  arc.     Its  characteristics 
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are  the  clKinictcri.-tics  of  duvlii^ht;  and  tlii-  i-  Uul*  t<»  .such  an  extent 
that,  from  its  soft  and  agreeable  nature  and  absence  of  ghiring  effects, 
the  degree  of  ilhunination  afforded  is  not  always  readily  aj)i)reciated." 
Hpsidcs,  incandescent  lights  do  not  refjuire  shades, 

('haj)ter  9  treats  of  "the  division  of  the  current  and  flight;"'  a  most 
interesting  chapter  because  of  the  \vi<lely  different  ojjinions  of  i»iiy-i- 
cists  ii])on  the  sul)ject.  This  should  be  read  by  all  who  are  intereste<l, 
as  the  author  stat&s  his  case  and  calculations  clearly.  If  verified  by 
future  experiment  they  are  of  great  value,  but  only  actual  experi- 
ment (;an  decide. 

Cha|)ter  10  is  devoted  to  a  description  of  the  Sawyer  regulator, 
called  here  the  switch — a  most  im|)ortant  i)art  of  the  system,  as  i>y  it 
the  light  is  almost  instantly  tui'iicd  up  or  down,  giving  any  degree  ot 
intensity  of  light  as  required  by  the  j)erson  using  it.  The  subject  is 
illustrated  in  10  perspectiv^e  and  6  diagram  views,  including  the  cur- 
rent regulator,  one  being  a  fine  view  of  the  Maxim  governor.  ^\  hile 
these  regulators  admirably  ])erform  their  functions,  he  is  careful,  in 
])erfect  candor,  to  inform  the  reader  (page  140)  that,  "  15y  mean:-  of 
these  regulators  the  changes  in  the  circuit  occasioned  by  tin-  Sawyer 
switches  for  graduating  the  light  are  instantly  balanced.  JJut  th'-  fatt 
remains  that  as  much  power  is  expended  in  <lriving  the  generator  when 
there  are  a  few  as  when  there  are  many  lamps  in  circuit,  and  in  a  gen- 
eral distributing  system,  where  economy  is  the  prime  consideration, 
such  regulators,  however  perfect  in  their  operation,  can  have  no  ])rac- 
tical  a|)j)lication."  We  venture  to  remark  that  this  is  not  a  peculiar 
defect  t)f  the  electric  light,  but  is  a  foundaticju  principle  governing 
every  other  industry. 

Chapter  11  is  devoted  to  the  consideration  of  the  Sawyer  i)atent  for 
lighting  the  buildings  in  the  blocks  of  a  city  by  electric  lights.  The 
history,  plans,  meters,  switches,  etc.,  requisite  are  fully  set  forth  in  the 
text  and  11  diagrams.  It  also  dcservas  careful  study.  In  it  tiie 
^'Niagara  Falls  problem"  is  discussed  at  length,  and.  to  our  mind, 
settles  that  (piestion. 

The  last  chapter  is  devoted  to  the  commercial  aspects  of  the  subject 
—that  omni|)otent  (piestion,  "Will  it  l>ay".'"  Thischa|)ter  involves  so 
many  points,  exhibits  so  many  tables  and  calculations,  which  mu>t  be 
most  carefully  studied  before  an  opinion  can  be  given,  that  we  have 
not  time  this  month  to  devote  to  it.  It  i-  in  jtrint,  in  the  book,  for 
ill  interested  to  criticise.  K.  F.  M. 
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Hall  of  the  Institutk,  February  16th,  1881. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.M.,  the  Presi- 
dent, Mr.  William  P.  Tatliam,  in  the  chair. 

There  were  present  107  members  and  85  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
announced,  that  at  their  last  meeting,  J  8  persons  were  elected  members 
of  the  Institute.  Also  that  the  Board  had  awarded  the  Elliott  Ores- 
son  Gold  Metal  to  Louis  H.  Spellier  for  his  invention  of  the  Electric 
Time  Telegraph  in  accordance  with  the  recommendation  of  the  Com- 
mittee on  Science  and  the  Arts. 

The  Secretary  announced  that  at  a  meeting  of  the  Committee  on 
Science  and  the  Arts,  held  February  2d,  1881,  William  Dennis  Marks, 
Whitney  Professor  of  Dynamical  Engineering  in  the  University  of 
Pennsylvania,  was  elected  chairman  of  the  committee  for  the  present 
year. 

The  following  donations  to  the  Library  during  the  past  month  are 
reported  : 

Specifications  and  Drawings  of  United  States  Patents  from  March 
to  June,  1880.  From  the  Commissioner  of  Patents. 

Reports  of  the  State  Board  of  Agriculture,  etc.,  for  1879, 

From  J.  W.  Huttinger. 

The  Locomotive.     N.  S.,  Vol.  1.     1880.         From  J.  M.  Allen. 

Report  of  Light-House  Board  for  1880.  From  the  Board. 

Annuaire  de  I'Academie  Royale  de  Belgique,  1881. 

From  the  Academy. 

Electric  Ligliting.     By  W.  E.  Sawyer.  From  the  Autlior. 

Report  on  Standard  Gauge  for  Bolts,  Nuts,  etc.,  for  U.  S.  Navy. 
Report  on  Machinery  of  the  Steamer  Anthracite. 
Report  on  Experiments  Tried  with  Horizontal  Fire-tube  and  \ev- 
tical  Water-tube  Boilers. 

Researches  in  Steam  Engineering.     Bv  B.  F.  Isherwood.     ^'ol.  1. 

From  B.  H.  Bartol,  Philadelphia. 

Catalogue  and  Charts  of  the  L'nited  States  Coast  and  Geodetic 
Survey. 

From  Edward  Goodfellow,  Assistant  in  Charge  of  Survey  Oifice. 
James  Smithsou  and  his  Bequest.     By  Wm.  J.  Rliees. 

From  the  Smithsonian  Institution. 
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Papers  read  before  tlio  Pi  Ktu  Scientific  Stcicty.      1  loy.  X.  V. 

From  tlie  SK-icry. 

Lecture  on  "  Ye  Microscojie  of  ye  OKlen  Time."    By  E.  F.  Mo'hIv. 

From  the  Autlior. 

Historical  Skot<'li  of  Oliver  Evan-,     liy  Jiev.  (t.  A.  Latimer. 

From  the  Author. 

Thirty-fifth   Annual    Report  of  the  Director  of  tlie  A>tronomic:il 
Ohservatorv  of  Harvard  ('olleo;e.      By  E.  C  Pici<erin;r. 

From  the  C'olleg'e. 

Report  on  Machinery  of  Steamer  Ant/iracift. 

From  tlie  Navy  Department,  \\  ashin;_a"Mi. 

Annual  licport  of  Secretary  of  Treasury  on  Financc.>^  f(jr  1.S80. 

From  the  Secretary. 

Textile  Indu.stries  of  Philadelphia.     By  I..orin  liltnlirct. 

From  CiuLs.  Bidl«'<k. 

Cataloijue   of  Brooklvn   Mercantile  Lil>rarv.      Part  3. 

From  the  Library. 

Catalogue  of  the  T7ii)rary  of  ihe  Institute  ^>t   Actuaries.     Nov..  *S(.). 

From  the  Listitute. 

Catalogue  and  Address  of  the  President  of  Penna.  ."^^tate  C'olleire, 
1880-8L'  From  the  Collcirer 

Report  of  the  Commissioner  of  Agriculture  for  1879. 

From  the  Commissioner. 

Reports  from  the  Consuls  of  the  L  nittnl  States  on  Commerce,  No.  2. 

From  Secretary  of  State,  Washington. 

Ivtports  of  Commissioner  of  Education  for  187S. 

From  tlie  Commissioner. 

Transiictions  of  Institute  of  Mininy;  Eny:ineers.     Vol.  8. 

From  the  Institute. 

Report  of  Meteorological  Council  to  the  Royal  Society  for  1880. 

I'rom  the  Society. 

Circtdar  of  Inf(»rmatioii   ot    Bureau  of  Education.      Xos.  4   and   o. 
ISSi).  From  the  Commissioner. 

Gold  Standard.     Jiv  Wm.  von  Kardortf-\\'abnitz. 

Front  II.  C.  liaird  tV  Co.,  Philadelphia. 

lu'j)ort  of  Proceedings  of  Xunusmatic  ami  Antiipiarian  SK-iety  ot' 
Philadelphia  for  1880.  From  the  Swiety. 

Geological  Survey  of  Canada.      Report  of  Progress  for  lS7S-*». 

From  the  Survey  Department. 
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Al)ri(lgement8  of  Specifications  of  Briti.^h  Patents  relating  to 
Dressing  and  Woven  Fabrics.     Pt.  2.     1867-76. 
Mannfacture  of  Iron  and  Steel.     Pt.  2.     1867-76. 
Electric  Lighting,  etc.     Pts.  1  and  2.     1839-76. 
Umbrellas,  etc.     Pt.  2.     1867-76. 
Letter-press,  etc.,  Printino-.     Pt.  2.      1867-76. 
Disclaimers,  1874,  No.  2734;  1875,  Xo.   1204;  1877,  Nos.  788. 
3205,  4200;  1878,  Nos.  688,  5247;  1879,  Nos.  2138,  3300  and  4761. 
Specifications  and   Drawings  of  Patents  for  Inventions.     Vols.  34 
to  5L     (Xos.  3301  to  5100.     Aug.  15  to  Dec.  12,  1879.) 

From  the  Commissioner. 

The  President  named  the  following  Standing  Committees  of  the 
Institute  for  1881  : 

On  the  Library. — Chas.  Bullock,  Lewis  S.  AVare,  Dr.  Isaac  Norris, 
Pobert  Briggs,  Henry  BoAver,  Henrv  Pemberton,  J.  E.  Mitchell,  Jos. 
M.  Wilson,  Fred.  Graff,  Dr.  W.  Lehman  Wells. 

On  3finerals. — Dr.  F.  A.  Genth,  Theo.  D.  Rand,  Clarence  Bement, 
Persifor  Frazer,  Dr.  W.  H.  Wahl,  E.  J.  Houston,  Otto  Lutliy,  E.  F. 
Moody,  Dr.  G.  A.  Koenig,  H.  Pemberton,  Jr. 

On  Models.—C.  Chabot,  H.  L.  Butler,  Edward  Brown,  M.  L. 
Orum,  J.  Goehring,  L.  L.  Cheney,  J.  J.  Weaver,  S.  Lloyd  AViegand, 
A.  G.  Busby,  N.  H.  Edgerton. 

On  Arts  and  3Ianufactures. — J.  J.  Weaver,  George  V.  Cresson, 
Hector  Orr,  Coleman  Sellers,  Jr.,  W.  B.  LeVan,  Wm.  Helme,  J.  S. 
Bancroft,  Alfred  Mellor,  Cyrus  Chambers,  Jr.,  Geo.  Burnham. 

On  Ileteorology. — Pliny  E.  Chase,  Hector  Orr,  Dr.  Isaac  Norris, 
David  Brooks,  Jas.  A.  Kirkpatrick,  Alex.  Purves,  Dr.  W.  H.  Wahl, 
F.  M.  M.  Beale,  H.  Carvill  Lewis. 

On  Meetings. — Fred.  Graff,  Washington  Jones,  Chas.  H.  Banes,  A. 
E.  Outerbridge,  Jr.,  W.  L.  Dubois,  W.  H.  Thorn,  Cyrus  Chambers, 
Jr.,  J.  J.  Weaver,  Addison  B.  Burk. 

A  letter  was  read  from  Mr,  Dalton  Dorr,  the  Secretary  of  the  Penn- 
sylvania Museum  and  School  of  Industrial  Art,  returning  a  vote  of 
thanks,  from  its  Board  of  Trustees,  to  the  Institute  for  the  joint  occu- 
l)ati(jn  of  the  rooms  of  the  Drawing  School,  and  regret  that  the 
increase  in  the  number  of  the  pupils  of  the  schools  prevented  its  con- 
tinuance. 

I^lie  Secretary's  report  included  Edisons  Electric  Lights,  brought  on 
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tVoiii  Mciilu  I'aik  I'lii-  cxIiiMtifiii  lict'oic  tli<'  Miiiiiit:  Kn;^iiii('r~  :it  tlnii 
aiiMiial  inc'('tiii<j:,  hcl<l  llii-  y<':ir  at  tin-  Franklin  Institute.  Tlicrc  wen- 
alioiit  tliirtv  li;rlits,  sunir  of  rlicni  I'atcd  at  tnll  power  (sixteen  e;ni<lle>;, 
others  at  lialt'  and  one-third  |)(»\ver,  the  lattei-  l)ein<r  for  miners'  n-e, 

I'ruf.  Moodv,  who  had  ehai'i^c  of  th<'  Iaiiij»~  in  th<  :ili-<-n«-e  of  I)|-. 
Moses,  sai<l  that  we  liad  all  heani  ol"  the  wonderfnl  tliin;rs  that  I'Mi- 
son  had  i)een  doiii;i-,  or  wa>  ;_n»in^'  to  do,  and  we  now  had  an  oji|H»rtu- 
uitv  t(t  see  some  of  the  fruit-  of  hi-  lal»or>.  I'Mi.-on-  |>nr|»o-c  i-  n<tt 
to  |»r<Mlnee  a  li'_dit  ol"  ^reat  jxtwer  sneh  as  we  are  aeeustonied  to  >»■••, 
lint  -mall  lijrhts  e<|nal  to  a  sin<rle  ;;as  jet,  for  honsehold  use,  and  lijrhts  <»{" 
one-half  or  even  smallei*  >ize,  for  use  in  mines.  There  are  two  sys- 
tems (»<'  electric  li«;litin<j;  one  l»\'  the  \<»ltaic  arc,  and  one  liv  iiicande— 
eeiiee,  the  latter  heiii;!^  iiest  >uite<l  for  household  use.  The  arc  li;iht-  aie 
well  re|>re>ente(l  hy  the  Uru.-h  li;iht.-  imw  in  use  for  illuminatiu;: 
Hroadwav,  New  York,  an<l  the  incande>i-ent  >ystem  i-  repre-ented  l»y 
the  lights  of  Sawvei"  and  I'Mison.  l*rot".  Moody  descrihed  the  |»ro<'e.— 
o|"  making-  the  Kdisoii  lamps,  -tatine-  that  tin.'  (-arlmn  loops  were  now 
made  of  l»ami)oo  lihi'c,  and  were  contained  in  an  almost  |Mrl"eet  vaiumn. 
The  resistance  of  th<'  lar^rcr  lamp-  i>  ahout  1<>(I  ohms,  that  of  the  halt 
lam|)s  50  ohms,  and  ol'  the  other-  •■'>(.)  ohm.-.  The  dynamo  machine 
lielon^inji'  t'>  tl'<'  Iustitut<',  which  i-  used  this  evening:,  i-  not  well 
adaptinlfor  the  Edison  lights.  At  soo  rc\ ulution-  per  mimiie,  the  normal 
rate  at  whi<h  it  is  run,  the  internal  risistance  is  too  efrcat.  Still  it 
coidd  he  used  with  the  lam|»s  l»v  increasin«;  the  inimlM-r  of  revolution-  to 
KMMI.  Prof.  Mo(h1\- al>o  di.-<u->ed  hrii'Hy  tiie  ditVereiit  eharacteristie- 
of  li<iht  from  <ras  and  from  eleetrieity,  sayin<x  that  the  latter  app«'are<l 
to  have  pvater  powci"  ot"  penetration,  as  -hown  hv  expcri«'nce  at  the 
IIo(»sa«'  tunnel. 

Mr.  Jiurk  said  that  he  could  uive  no  further  information  ahout  Kdi- 
son'-  lijiht  than  he  ha<l  <iiitained  fiom  the  inventor  him-clf.  There 
wa-  ureal  ditliculty  orii;inally  in  making  the  lamp-  iniifoini  in  re-i-t- 
ance,  and  without  uniformitv  in  thi-  res|t<ct  they  could  not  he  u.--e<l  to 
i::o»M|  a<lvanta<:(' on  a  couHuon  circuit.  lie  had  Iteen  infornuil.  how- 
ever, that  the  lam|)s  could  he  made  now  with  reasonahle  certainty,  that 
when  their  resistance  wa-  mea-iued  ihe\-  would  tall  within  one  of  three 
cla.sses — one  cla.-s  havinu-  a  rc-i-tanee  ot"  from  l(M)  to  lOO  ohm,-,  another 
of  from  1(1")  to  llo,  and  the  third  of  t'ntm  IKMoll").  it  wa-  pro- 
po.-e«l  now  to  assign  one  of  these  cla.-.-es  of  lamps  to  New  ^  ork  and 
other  cities,  one   to    IMiiladelphia  and  other  citie-,  ami  another  to  ( "hi- 
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oau'o,  etc.,  tmd  so  to  conlinG  each  city  to  lanlp^<  of  a  particular  resist- 
ance. In  this  May  the  Avhole  product  could  be  utilized,  and  uniformity 
in  lanijis  of  the  same  circuit  secured. 

Mr.  On*  expressed  a  desire  to  have  this  whole  subject  of  electric 
lighting  thoroughly  investigated  by  the  Institute. 

]Mr.  Cooper  inquired  M'hether  the  lights  as  shown  were  as  white  as 
they  could  be  made.  He  thought  that  they  gave  forth  a  light  with 
more  red  in  it  than  A\as  to  be  seen  in  gas,  and  said  that  in  this  respect 
the  Sawyer  light  seemed  to  him  superior. 

]Mr.  Burk  said  that  the  color  depended  altogether  on  the  degree  of 
incandescence.  The  light  can  be  run  up  very  much  higher  than  it  is 
shown  here,  and  \\ith  a  higher  degree  of  incandescence  it  becomes 
Avhiter.  But  there  is  a  limit  of  safety  for  the  lamp,  and  it  is  danger- 
ous in  a  puljlic  exhibition  of  this  kind,  with  no  regulator  of  the  cur- 
rent, to  run  them  too  close  to  their  limit,  for  fear  of  breaking  the  lamps 
and  of  doing  an  injtistice  to  the  inventor  by  making  an  apparent  fail- 
ure, due,  not  to  an  imperfection  in  the  lamps  themselves,  but  t(^  an 
abuse  of  them.  He  had  seen  the  lights  at  Menlo  Park  much  brighter 
than  these,  but  there  th^  current  was  steadier  and  under  perfect  con- 
trol. The  Edison  light  could  certainly  be  made  as  white  as  any  other 
under  the  incandescent  system,  that  depending  wholly  on  the  current 
sup})lied  ;  as  to  whether  the  higher  lights  could  he  produced  economi- 
cally Mr.  Burk  had  no  o]>inion  to  express. 

The  sand  blast  apparatus  for  sharpening  tiles  was  on  exhibition,  and 
its  effects  Avere  illustrated  by  magnified  sections  of  files  as  they  appear 
when  ncAv,  when  M'orn,  and  after  having  been  shar[)ened  by  the  sand 
blast  process.  The  apparatus  consists  of  a  steam  pipe  and  injectors  l)v 
\vhich  to  drive  a  stream  of  sand  and  water  against  the  files  to  be  sharp- 
ened, the  latter  being  carried  into  the  blast  on  a  carriage.  The  inject- 
ors are  set  above  and  below  the  file  at  an  angle  of  fifteen  degrees  with 
it.  The  operation  consists  of  simply  turning  on  the  blast,  when  the 
sand  cuts  away  the  backs  of  the  teeth  until  they  are  brought  to  a  cut- 
ting edge.  The  inventor  claims  that  files  can  be  sharpened  by  the  sand 
blast  without  ]>revions  preparation  and  without  the  necessity  of  tem- 
pering them  afterwards,  as  the  process  does  not  afiect  the  temper,  and 
that  they  can  be  sharpened  by  the  hvuidred  at  a  cost  of  about  three 
cents  each.  One  special  use  of  the  blast  is  the  removal  of  the  burr 
formed  l)y  the  chisel  in  cutting  the  teeth,  and  which  has  to  be  worn 
doAvn  l)efore  a  file  is  put  in  good  condition. 
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\l.  1).  Wood  cV:  Cr..  (•.\liil)it«-(|  ^r:ittli«-\v~'  iK.iil)!.'  Valve  Fiiv  Ily- 
<liaiit,  \\lii<li  i-  iii^ciiioii-ly  ilcvi^cd  to  ovciv-oiiie  a."^ccrtain('(l  oltjcM'tioD- 
t<»  tlii'  coninioii  lire  pliiu'  iis('<l  in  this  citv.  The  now  livilfant  has  a 
frost-jacket,  ext(,'n(lin<i-  IVoni  the  hend  at  the  Ixittoin  npwanls  to  a  few 
inclies  above  the  side-walk,  and  ioiniin^-  a  "dead  air  ehaniher,"  to  act 
as  a  non-coiidiietor.  The  casin*;-  lias  a  vertical  ])lay  or  motion,  so  that 
the  hydrant  |)ro|)er,  which  is  not  )»ress(*d  ii])on  l>y  the  siirnamdinii- 
earth,  is  left  undisturhed — even  when  the  jacket  is  lifttKl  hy  tlie 
ii|>hea\al  of  tlie  <iroiind  1)V  frost.  The  casing;  also  allows  the  hydrant 
to  l»e  reinove<l  for  repairs  without  <liirj2:iii<i-  up  the  jrround.  Two  main 
or  indueti(»n  valves  are  used,  and  they  are  -o  c»»nnecte<l  totretjier  with 
the  wast«'  valve  that  the  latter  is  never  opene<l  until  the  lower  m.-iiii 
\alve  is  closed,  and  is  closed  hefore  the  lower  main  valve  is  opened. 
The  movement  is  j)ositive,  and  while  the  valves  are  in  (»nler  there  ean 
he  no  leakaiic  or  waste,  Tlie  chief  advantage,  however,  from  the  u.-e 
of  two  induction  valves  is  that,  in  case  of  injury  to  the  up|)er  (usually 
the  main  valve),  the  latter  can  he  taken  off  an<l  tlie  hydrant  returne<l 
to  its  place  while  repairs  are  liein<r  made,  the  lower  valve  then  hecom- 
inti'  the  main  val\e  and  kee|)in*i-  the  hvdrant  readv  t'oi*  use.  The 
inventor  claims  that  the  etHcieucy  of  the  Fire  Departujent  of  thi>  citv 
Nvould  he  greatly  increased  hy  the  use  »»f  these  hvdrants  in  place  of' the 
ol<l-fashioued  |>luLi-,  that  tVee/.e  every  winter,  and  are  in  constant  need 
ot"  repair*. 

Thos.  S.  .Speakman  e.\hil)ite(l  drawiu<is  of  apparatu.-  desiuned  to  uti- 
li/e  tlu-  caloric  of  heated  jiases  <»f  the  products  r>t"  comhustion  now 
allowed  to  esca|»e  up  the  chimuex .  Mis  plan  involves  the  use  ot"  col- 
lectiuu'  and  condensiuu'  chamiter-,  an<l  of  a  Mower  or  pump.  Tlu-  L;a>e> 
are  pa.ssed  throuuh  a  con(lens<'i-  immersed  in  water,  which  lattci-,  heiuu 
heated,  i>  U>e<l  (or  i'rv{\  water  of  the  hoiler-,  thu-  ecouomizinu'  tllel, 
while  the  proihicts  oi"  comlmstiou  are  se[)arately  colleetiMl,  >o  that  the 
earlxMi  may  !>e  utilized  as  such,  and  the  animal  matter  prepared  for 
fertiliziuii"  ])urposes. 

Mr.  II.  I).  Hart  cxhiliited  tli<  "  Kxtraordinary  (.'hallenuc  JJicyele," 
which  <litfers  from  the  ordinary  I'orm  in  ha\inu-  the  rider  |»ut  farther 
hack  than  usual  over  the  rear  wheel,  which  i>  made  lar>:-er,  to  -u-tain 
the  ui'eafer  weight  thu-  juit  ujion  it.  The  chau<:('  in  position  of  the 
rider  makes  it  necessary  to  use  levers  in  the  |>ropelliu<i- ucar.  Km  the 
pedals  are  directly  under  the  saddle,  and  dcsorilK.'  an  ellipse  iusteail  of 
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a  circle,  :«<•  that  a  more  direct  and  downward  pressure  is  exerted  than 
in  tlie  ordinarv  bievcle,  which  overcomes  the  loss  of  power  resulting 
from  use  of  more  connections.  It  is  claimed  that  this  bicycle  is  safe, 
easv  to  mount,  and  fitted  for  riding  over  rough  roads.  It  was  on 
machines  of  this  kind  that  two  prominent  gentlemen  of  this  cit}'  rode 
last  tall  from  Saratoga  to  Philadelphia,  making  the  trip  leisurely  in  a 
week. 

A  gas  measure  indicator,  invented  In'  Mr.  John  flannel,  was  also 
sho^^•n.  It  is  intended  to  be  attached  to  the  meter  cock  on  the  supply 
pipe,  either  before  or  after  passing  the  meter.  It  is  a  regulator  of  the 
flow  of  gas,  and  the  quantity  consumed  is  ascertained  by  calculation  of 
the  number  of  burners  of  known  size  used  under  a  known  pressure  for 
a  definite  number  of  hours. 

Attention  was  called  to  a  twin  gas  burner,  in  which  two  jets  of  ga.-- 
are  made  to  impinge  on  each  other.  The  flame  is  round,  and  without 
so  much  of  the  dark  centre  usually  found  in  gas  lights. 

Dr.  Arthur  Tees'  "  LilHput  Furnace"  Mas  on  exhibition,  intended  for 
the  fusion  of  dental  porcelain  and  the  manufacture  of  continuous  gum 
dentures.  This  denture  consists  of  a  metallic  base  of  pure  platina,  to 
which  is  soldered  with  gold  the  moulded  i)orcelain  teeth.  Around  this 
is  baked  a  mineral  compound,  allica  in  composition,  to  the  body  of  the 
tooth,  but  fusing  at  a  lower  temperature,  \\'\i\\  a  thin  coating  of  enamel 
over  it.  Tlie  furnace  is  the  result  of  experiment  to  get  the  requisite 
amount  of  heat  for  fusing  the  compound  with  the  smallest  possible 
amount  of  fuel.  It  is  made  of  fire  clay,  strongly  bound  with  iron, 
and  is  15  inches  high,  12  inches  wide,  and  8  inches  deep,  with  1-inch 
walls.  Like  all  these  furnaces,  it  is  divided  into  three  sections,  for 
convenience  of  handling,  cleaning  and  making  the  fire.  Both  the 
upper  and  niiddle  sections  have  hearths,  and  the  lower  section  a  cast 
iron  grate  instead  of  movable  bars,  thus  obviating  the  wearing  of  the 
fire  clay.  This  furnace  holds  less  than  a  peck  of  coke,  and  requir^'S 
but  thirty  minutes  to  reach  an  intense  heat,  which  will  last  that  much 
longer.  From  the  rectangular  form  of  the  furnace  the  heat  strikes  the 
whole  surface  of  the  nuiffle  more  evenly,  it  is  claimed,  than  in  other  - 
forms. 

A  very  ingenious  model  of  a  universal  shaft  coupling,  the  invention 
of  Mr.  Descham]is,  was  also  exhibited. 

On  motion,  the  Institute  adjourned. 

Isaac  Norris,  M.D.,  Secretary. 
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ganese. 

Phosphorus 
units. 

Density. 

887     1IJT3.                 Nor^h. 

89.76 

60.79 

64.66    2.13 

55,197,994   .0386 

2.78 

18.13      0.95 

41.85 

69,000 

34,000 

25 

67,000 

28,000 

24 

49,000 

.1000 

2770 

190° 

.287 

.048 

.023 

.435 

24.2 

.28143 

1 

884 

10  yrs.    2  raoK. 

" 

95.04 

68.73 

66.60    2.13 

52,174,969 

.0408 

3.03 

14.73      1.03 

36.37 

75,000 

36,0110 

24 

74,000 

33,000 

22 

65,000 

.0876 

3090 

190» 

.279 

.082 

.043 

.656 

82.7 

.28214 

883 

lOyra.    2  mm. 

95.04 

67.87 

65.43    2.64 

52,174.969 

.0487 

3.20 

10.89   1  1.16 

28.79 

77,000 

36,000 

4 

86,000 

36,000 

12 

62,700 

.0925 

3090 

190" 

.352 

.104 

.029 

.610 

35.7 

.28214 

885 

11  yre. 

" 

89.76 

68.21 

65.47     2.74 

55,197,994 

.0496 

3.24 

13.30 

1.19 

36.02 

84,000 

39,000 

20 

81,000 

37,000 

21 

57,000 

.0950 

3110 

190° 

.368 

.057 

.130 

.472 

33.9 

.28143 

E 

891 

7yr8.    Irao. 

South. 

40.13 

07.14 

64.00    3.14 

53,687,192 

.0585 

3.16 

13.68 

1.11 

35.79 

79,000 

34,000 

24 

78,000 

35,000 

21 

55,500 

1 .1000 

3140 

70° 

.305 

.133 

.022 

.656 

37.7 

.28157 

2 

888 

11  y«. 

North. 

89.76 

04.22 

00.78    3.44 

55,197,994 

.0623 

2.79 

21.74 

1.10 

61.00 

66,000 

33,000 

24 

65,000 

28,000 

26 

60,000 

.1150 

2670 

190° 

.208 

.038 

.074 

.344 

21.3 

.28129 

^ 

892 

7  yre.    1  mo. 

South. 

40.13 

68.15 

64.69    3.46 

53,687,192 

.0044 

3.24 

15.94 

X.IO 

43.13 

70,003 

33,000 

21 

77,000 

37,000 

21 

58,000 

.0825 

3230 

72i« 

.307 

.114 

.018 

.042 

83.7 

.28228 

u 

881 

11  yr«.    1  mo. 

North. 

92.40 

69.03 

65.18    .3.85 

55,646,811 

.0393 

4.00 

10.95 

1..54 

37.75 

108,000 

56,030 

15 

98,000 

52,000 

18 

68,500 

.0950 

4200 

86° 

.483 

.035 

.480 

.782 

67.2 

.28143 

M 
0 

894 

5  yr8.    2  mos. 

South. 

52.80 

67.47 

64.54 

2.93 

38,088,574 

.0769 

3.55 

8.46 

1.37 

25.96 

93,000 

45,000 

5 

82,000 

44,000 

0 

70,000 

.0650 

3800 

139° 

.432 

.118 

.043 

.880 

45.9 

.28086 

*I 

889 

6yra.  llmos. 

21.12 

68.66 

65.02 

3.54 

44,620,100 

.0793 

3.05 

14.48 

1.17 

37.92 

76,000 

36,000 

21 

75,000 

40,000 

22 

56,000 

.0875 

3030 

137° 

.298 

.085 

.067 

.568 

33.1 

.28114 

r; 

895 

6  yrs.   2  mos. 

" 

62.80 

67.92 

64.89 

3.03 

38,038,572 

.0796 

3.39 

5.47 

1.48 

15.42 

60,000 

30,000 

1 

66,000 

40,000 

1 

64,600 

.0675 

3610 

118^° 

.470 

.111 

.003 

.784 

46.5 

.28057 

>'. 

896 

6  yrs.    2  mos. 

62.80 

68.46 

65.42 

3.04 

38,088,572 

.0798 

3.61 

12.05 

1.76 

36.79 

93,000 

40,000 

20 

89,000 

40,000 

17 

63,000 

.0800 

3620 

35° 

.416 

.097 

.063 

.694 

40.5 

.28200 

886 

11  yrs. 

North. 

89.76 

05.72 

61.24 

4.48 

55,197,994 

.0811 

3.04 

12.29 

1.11 

30.84 

78,000 

34,000 

19 

76,000 

28,000 

19 

65,000 

.0900 

2790 

190° 

.349 

.069 

.026 

.404 

27.9 

.28243 

890 

6  yrs.  11  mos. 

South. 

21.12 

69.79 

66.16 

3.64 

44,620,100 

.0816 

3.37 

12.65 

1.20 

36.77 

85,000 

36,000 

21 

83,000 

36,000 

19 

60,500 

.0750 

3360 

113° 

.365 

.126 

.069 

.702 

41.7 

.28100 

882 

11  yre.    1  mo. 

North. 

92.40 

68.86 

62.58 

5.78 

56,646,811 

.1040 

2.99 

14.68 

1.03 

36.37 

76,000 

34,000 

21 

73,000 

30,000 

23 

03,500 

.0925 

2S70 

179° 

.320 

.060 

.055 

.442 

28.1 

.28143 

893 

5  yre.    2  mos. 

Soutli. 

21.12 

68.45 

64.39' 

4.06 

38,088,572 

.1066 

3.37 

12.92 

1.14 

37.15 

89,000 

38,000 

17 

86,000 

39,000 

11 

61,500 

.0825 

3480 

156° 

.387 

.091 

.032 

.803 

41.1 

.28214 

899 

11  yrs.    2  mos. 

North. 

6 

21.12 

64.18 

61.94 

2.24 

62,370,617 

.0428 

2.72 

18.32 

1.01 

41.68 

68,000 

30,000 

25 

65,000 

23,000 

26 

51,000 

.0925 

2GJ0 

190° 

.263 

.061 

.038 

.326 

22.3 

.28214 

900 

11  yrs.    2  mos. 

" 

6 

21.12 

64.46 

02.02 

2.44 

62,370,617 

.0466 

3.16 

11.19 

1.16 

29.96 

84,000 

34,000 

17 

82,000 

32,000 

16 

59,500 

.0875 

3080 

I84J° 

.428 

.030 

.059 

.698 

32.2 

.28243 

901 

7  yrs.  11  raos. 

6 

39.60 

68.26 

66.03 

2.23 

40,061,230 

.0556 

2.7?. 

15.73 

1.03 

36.01 

68,000 

32,000 

24 

67,000 

32,000 

24 

51,500 

.1000 

2490 

193° 

.233 

.083 

.027 

.372 

24.9 

.28229 

s 

906 

10  yre.  10  mos. 

6 

47.52 

67.68 

63.82 

3.86 

50,648,939 

.0762 

2.94 

17.41 

1.05 

41.96 

71,000 

33,000 

24 

69,000 

25,000 

22 

51,500 

.0876 

2870 

190° 

.308 

.063 

.057 

.462 

27.6 

.28214 

» 

910 

8  yrs. 

Soutli. 

6 

89.76 

67.28 

61.30 

5.98 

62,813,664 

.0952 

3.07 

11.31 

1.14 

28.41 

79,000 

33,000 

22 

75,000 

28,000 

16 

55,500 

.0876 

2660 

190° 

.343 

.098 

.020 

.478 

81.8 

.28114 

d 

S 

904 

2  yre.  11  mos. 

" 

5 

39.60 

67.86 

66.63 

2.22 

21,604,824;. 1032 

3.06 

13.07      1.03 

33.11 

79,000 

33,000 

16 

77,000 

34,000 

16 

56,000 

.0875 

2810 

190° 

.361 

.100 

.035 

.562 

34.7 

.28100 

& 

911 

2  yre.    3  mos. 

" 

6 

89.76 

68.05 

66.23 

1.82 

17,226,993   .1056 

3.64 

3.21       1.04 

9.12 

68,000 

48,000 

1 

69,000 

30,000 

1 

73,500 

.0660 

3760 

140° 

.618 

.1.54 

.039 

1.044 

58.8 

.28148 

i 

M 
P 

908 

4  yrs.    2  mos. 

" 

4 

95.04 

68.19 

64.44 

3.75 

32,428,614  Lll56 

3.25 

9.43      1.19 

l'5.88 

81,000 
79,000 

39,000 

7 

75,000 

30,000 

5 

60,000 

.0850 

3360 

175i° 

.430 

.1.58 

.032 

.562 

42.7 

.28129 

902 

7  yre.  11  inos. 

North. 

5 

39.00 

67.12 

62.25 

4.87 

40,081,230  .1215 

3.01 

13.04      1.00 

32.13 

38,000 

8 

76,000 

28,000 

14 

67,500 

.0925 

2640 

111° 

.822 

.077 

.026 

.492 

29.5 

.28214 

905  1  10  yrs.  10  inos. 

6 

47.52 

64.92 

58.32 

6.60 

50,648,939  j  .1303 

2.93 

14.06 

1.11 

35.12 

74,000 

33,000 

20 

70,000 

30,000 

22 

54,500 

.0850 

2710 

174° 

.342 

.026 

,1144 

.400 

25.4 

.28243 

909      4  yra.    2  mo8. 

South. 

4 

95.04 

67.72 

63.47 

4.25 

32,428,614   .1310 

2.52 

3.56 

1.62 

9.99 

76,000 

42,000 

2 

78,000 

44,000 

2 

73,500 

.0700 

3420 

60° 

.600 

.145 

.041 

.680 

42.1 

.28086 

a 

898     llyra.    2mos. 

North. 

6 

21.12 

68.05 

58.06 

6.99 

52,370,617   .1335 

2.9B 

13.75 

1.08 

35.07 

74,000 

33,000 

21 

71,000 

34,000 

23    , 

53,000 

.0876 

2670 

170° 

.358 

.040  ' 

.028 

.638 

28.1 

.28167 

n 

897     11  yre.    2  mos. 

" 

5 

21.12 

64.49 

57.18 

7.31 

62,370,617  ;  .1396 

3.24 

11.65    ,  1.25 

32.43 

82,000 

36,000 

18 

80,000 

32,000 

17    1 

S»,S00 

.0800 

2800 

170° 

.431 

.049  1 

.046 

.582 

33.2 

.28186 

n 

912  j    6  yrs. 

South. 

1       ^ 

95.04 

68.29 

59.78 

8.51 

47,438,145   .1794 

3.45 

11.74 

1.31 

33.98 

91,000 

38,000 

10 

88,000  1 

50,000 

12    1 

61,500 

.0750 

3760 

103° 

.401 

.083 

.050 

.816 

40.8 

.28167 

1 

907      4  yrs.  10  mos. 

North. 

\      5 

47.52 

65.71 

59.72 

5.99 

24,211,147   .2474 

3.53 

13.04 

1.33 

38.82 

90,000 

40,000 

21 

86,000  1 

44,000 

20    1 

62,000 

.0850 

3680 

101° 

.360 

.102 

.124 

.748 

43.1 

.28200 

903      2yre.  11  11109. 

South. 

5 

39.60 

68.28 

61.39 

6.89 

21,504,824  1 .3204 

2.57 

7.36 

1.04 

16.10 

71,000 

34,000 

9    1 

1 

69,000 

34,000 

12 

55,600 

.0975 

2860 

190° 

.365 

.108 

.029 

.490 

33.8 

.28114 

Il 
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COMPARATIVE   DATA. 

PLATE    7. 

Service. 

No 

Time  of  Bervice.  1   Track. 

Degre 
of 

67.14 

„.,„«.   V.Ha 

Toonage. 

IxKspe 
mUhor 
Ions. 

XOHS.O.X.-XS.                                                                                          ,..-S..X.-.. 

aHE.Kt.-0.ESX., 

BESDIKQ  TiSK. 

CHKMtC^ 

ISALYSES. 

1  Fre^Ht. 

Loss. 

Height  o 
diagran.. 

Length  of 
diagram. 

Elastic 
limit. 

Area  of 
1  diagram 

BSi.VSEAl.EI) 

.-..^. 

Shearing 

Detru- 

Maxiraun 
load. 

DeSec. 

Carbon. 

Phos- 
phorus. 

Silicon 

1 

.Man- 
ganese 

1 

Phusiihorus 
units. 

.    Tensile 
slrengtli. 

Elastic 
HmiL 

Etonga- 

TensUe 
strength. 

Elastic 
limit. 

Elonga- 

Denaitj-. 

917 

6yn,. 

North. 

C6.94 

0.20 

31,127,829 

.0064  1      3.59 

11.86 

1.45 

36.34  •    93,000 

42,000 

19 

89,000 

45,000 

18 

05,000 

.080 

2930 

13^ 

.423 

.127 

.083 

,    .70S 

45.1 

,28186 

919 

lOyre.    6ino9 

Norlh. 

55.61 

5.5.10 

0.51 

51,720,011 

.0098 

2.72 

17.22 

1.07 

•     39.20       64,000 

32,000 

24 

62,000 

30,000 

25 

51,.500 

.1025 

2270 

190 

.247 

.041 

.023 

.344 

20.3 

,28243 

918 

lOyra.    6  mos 

North. 

55.91 

.5.5.20 

0.71 

51,720,011 

.0137 

2.89 

17.92 

1.21 

43.29       70,000 

34,000 

20 

69,000 

35,000 

24 

54,500 

.095 

2520 

190^ 

.219 

.061 

.181 

.376 

i      .'-i''9 

.28200   1 

915 

6  yra.    1  mo. 

North. 

64.91 

64.40 

0.51 

31,514,889 

.0162 

2.21 

7.75 

1.01 

15.17       71,000 

34,000 

4 

62,000 

25,000 

4. 

60,000 

.0775 

3030 

184^ 

.368 

,113 

.026 

.714 

39.2 

.28100 

926 

9  yre.    3  mos. 

South. 

64.96 

C3.43 

1.53 

76,409,123 

.0200 

3.05 

16.97 

1.22 

i     42.56    i   73,000 

40,000 

26 

71,000 

36,000 

24 

55,500 

.100 

2680 

190" 

.211 

,145 

.033 

.352 

30.2 

.28271 

913 

9  yrs.    4  mos. 

1  North. 

65.52 

61.51 

1.01 

45,855,101 

.0220 

3.13 

12.18 

1.16 

32.20       72,000 

39,000 

7 

76,000 

35,000 

18 

58,000 

.090 

2630 

190° 

.335 

.102 

.036 

.508 

33.4 

.28143 

927 

9yR.    3.1108, 

South. 

64.98 

63.25 

1.73 

76,409,123 

.0226 

3.07 

19.01 

1.55 

48.91    1   72,000 

40,000 

26 

71,000 

35,000 

24 

58,500 

.0975 

2710 

190' 

.187 

.131 

.049 

-.320 

28.1 

.28214 

914 

9  yre.    4  nios. 

North. 

64.78 

cue 

1.32 

45,855,101 

.0288 

2.60 

10.80 

.97 

23.28    1    64,000 

32,000 

14 

64,000 

30,000 

17 

52,000 

.100 

2530 

190- 

.270 

.108 

.015 

.322 

20.9 

.28167 

h 

928 

5  yrs. 

South. 

66.25 

64.93 

1.32 

43,610,150 

.0303 

2.98 

3.37 

1.32 

8.29       60,000 

44,000 

1 

68,000 

50,000 

2 

66,000 

.080 

3190 

,i  173" 

.428 

.142 

.042 

.564 

41.9 

,28214 

^ 

920 

11  yrs.    7ni09. 

North. 

67.61 

65.T8 

1.83 

52,991,684 

.0345 

2.95 

18.27 

1.00 

43.99    ,    69,000 

32,000 

25 

68,000 

25,000 

24 

53,500 

.100 

2630 

1  190" 

.293 

.063 

.039 

.326 

24.6 

.28200 

924 

4  yra.    I  mo. 

South. 

68.31 

66.79 

1.52 

36,349,989 

.0418 

3.67 

12.64 

1.37 

39.71       93,000 

39,000 

20 

90,000 

36,000 

18 

66,000 

.100 

3660 

UV- 

.888 

.123 

.059 

.806 

1      44.2 

.28229 

916 

6yr.. 

North. 

67.25 

65.83 

1.42 

31,127,829 

.0456 

3.18 

10.67 

1.25 

28.47       83,000 

39,000 

17 

81,000 

40,000 

18 

60,500 

.0875 

.3010 

1545° 

.329 

.132 

.044 

.554 

37.6 

,28171 

925 

4  yrs.    1  nio. 

South. 

68.36 

66.03 

1.73 

36,349,989 

.0476 

3.70 

14.95 

1.36 

47.58       92,000 

40,000 

13 

90,000 

40,000 

18 

66,500 

.095 

3980 

73° 

.389 

.109 

.069 

.824 

1      43.8 

.28243 

922 

6  yre.    4  mo». 

North. 

69.04 

67.01    i   2.03 

27,622,230 

.0735 

3.74 

12.57 

1.37 

39.97       94,000 

39,000 

19 

91,000 

35,000 

17 

66,500 

.090 

3760 

80' 

.428 

.109 

.038 

.870 

1      44.7 

.28243 

923 

6  yra,    1  mo. 

North. 

68.58 

65.66 

2.92 

31,614,889 

.0926 

2.21 

4.55 

1.08 

10.59    J    64,000 

34,000 

3 

54,000 

34,000 

2 

64,500 

.085 

3360 

155 

.452 

.144 

.037 

.708 

45.5 

.27943 

921 

5  yrs.    4  mos. 

North. 

67.23 

64.18 

3.05 

27,622,230 

.1104 

3.34 

11.68 

1.20 

33.19    1    84,000 

37,000 

18 

82,000 

35,000 

16 

65,000 

.090 

3310 

172 

.340 

.090 

.042 

.746 

37.9 

.28267 

932 

10  yrs.    6  mos. 

North. 

3       ' 

56.17 

54.95 

1.22  151,720,011 

.0236 

2.92 

10.63 

1.09 

39.40       69,000 

34,000 

20 

70,000 

35,000 

23 

57,000 

.100 

2340 

190° 

.269 

.047- 

.020 

.372 

22.4 

.28286 

937 

3  yrs.    4  mos. 

South. 

'      \ 

66.77 

65.96    i   0.81   129,905,122 

.0271 

3.00 

4.84 

1.34 

12.12    ,    68,000      38,000 

2 

68,000 

36,000 

3 

68,500 

.085 

3220 

168° 

.484 

.145 

.015 

.726 

44.8 

.28129 

iii 

1 

i 

936 

12yi-B.    9  mos. 

South. 

2 

68.02 

65.17       2.85     92,025,478 

.0309 

3.01 

15.56 

1.06 

38.72       72,000      34,000 

23 

70,000 

26,000 

22 

63,500 

.1026 

2790 

,  190" 

.353 

.039 

.035 

.318 

23.8 

.28259 

930 

1 1  yre.    7  mos. 

North. 

2t 

66.38 

04.65 

1.73  1  62,991,684 

.0327 

3.03 

14.77 

1.04 

36.94       73,000  j   31,000 

23 

70,000 

25,000 

22 

53,500 

.1000 

2820 

190- 

.394 

.035 

.038 

.288 

24.3 

.28280 

934 

9  yrs.    8  mos. 

South. 

3) 

67.14 

64.09       3.05     78,364,968; 

.0389 

2.95 

13.89 

1.26 

34.43       74,000  [   39,000 

22 

74,000 

35,600 

22 

61,000 

.1025 

2950 

190" 

.m 

.144 

.045 

.262 

27.8 

.28214 

943 

6  yrs.    3  mos. 

South. 

2 

66.84 

64.30    ;   2.54 

55,127,464 

.0461 

3.04 

16.05    j 

1.10 

41.08       74,000      34,000 

24 

71,000 

38,000 

24 

55,500 

.100 

2780 

159J' 

.314 

.061 

.025 

.602 

29.8 

.28214 

0»9 

4yr«.    2  mos. 
4  yra.'  10  mos. 

South. 

4 

68.11 
67.93 

65.27  .    2.84 

.37.150,179 

.0764 

3.76 

3.62 

•    1 

7.63 
5.38 

1.47 
1.60 

24.51 
15.48 

90,000 

40.000 
48,000 

3 

2 

9.5.000 
64,000 

41,000 
40,000 

6 
1 

72,000 
64,500 

.090 
.0576 

S350 
3240 

20° 
1084° 

.579 
.497 

.115 
.130 

.030. 
.062 

.718 
.724 

47.0 

47.8 

30.2 

.28171 
.28143 

1 

\   8 

1942 

South,  i'    3      / 

1 

62.67   j 

6.26 

42,277,638  1 .1244 

90,000 

1   » 

:  ! 

1935 

12  yrs.    9  mos. 

South.       2        f 

8.19 

64.93 

3.26 

92,025,478   .0354 

3.30 

11.80    t 

1.14 

32.70       86,000      39,000 

10 

82,000 

30,000 

20 

64,000 

.095 

3130 

142J° 

.460 

.045 

.069 

.406 

.28259 

l929 

Uyre.    7  mos. 

Norlh.      2i      ( 

8.89 

66.45 

2.44 

52,991,684    .0460 

2.89 

16.28    '. 

1.18 

39.95       69,000  .   36,000 

24 

70,000 

^35,000 

24 

55,500 

.1126 

2750 

190° 

.235 

.055 

.080 

.300 

23.3 

.28259 

j  933      9  yiv,    8  nios. 

South.       3i      ( 

7.61 

63.15 

4.46 

78,364,968    .0569  j 

3.16 

8.19    I 

1.20 

21.91 

82,000      38,000 

6 

67,000 

35,000 

3 

65,000 

.085 

3180 

186° 

.376 

.087 

.054 

.558 

35.1 

.28143    1 

g      944 

6  yrs.    3  mos. 

douth. 

2 

6.7a  ■ 

68.47 

3.25 

55,127,464 

0589 

3.00 

6.78 

1.24 

16.68 

75,000      34,000 

4 

78,000 

33,000 

8 

61,600 

.095 

3040 

105° 

.441 

.057 

.035 

.702 

30.1 

.28214 

•     g      931 

10  yrs.    6  mos. 

North. 

3 

)7.09 

52.61 

4.48 

51,720,011 

.0866 

2.81 

17.70 

1.10 

42.24    1   66,000      .34,000 

24 

64,000 

27,000 

24 

52.000 

.110 

2430 

190° 

,260 

.047 

.029  1 

.416 

23.1 

.28229 

"     !938 

3  yre.    4  mos. 

South.       2 

38.70      64.85 

3.85 

29,905,122 

.1287 

3.06 

12.16 

1.02 

29.53       79,000  ,   36,000 

16 

77,000 

35,000 

16 

59,500 

.0925 

2950 

146» 

,343 

.115 

.035 

.594 

37.5 

.28143 

;'941 

4  yrs.  10  mos. 

South.  !     S 

36.92      60.83 

6.09 

42,277,638 

.1440 

3.43 

13.88 

1.25 

40.30    ,   87,000      39,000 

19 

83,000 

37,000 

16 

63,500 

.095 

3290 

112» 

.404 

.111 

.065 

.716 

42.1 

.28186 

1  940 

4  yrs.    2  mos. 

South.       4 

38.17      61.77 

6.40 

37,150,179 

.1723 

3.80 

5.38    ] 

1.62 

16.73       76,000  ;  52,000 

1 

80,000 

44,000 

2 

77,500 

.0725 

3220 

17J° 

.548 

.127 

.046 

.680 

46.9 

.28214 

e 
h. 

Elastic 
limit. 

0 

36,750 

5 

37,125 

0 

29,250 

9 

30,500 

0 

34,000 

0 

40,000 

) 

;}3,625 

5 

37,875 

9 

33,281 

8 

36,594 
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AVERAGES. 

PLATE   8. 

Number  of 
rails  in 
average. 

• 

!r 

™-™ 

TEffre. 

TENSILE  TESre. 

suE.a,.. 

T^. 

EE^O,™   T.«™. 

CUEMICAL  ANALYSES. 

Height  ur 
Jiagrain. 

™-— 

- 

JnfEAX.BD. 

uf  line. 

million' 

diagram. 

diagram. 

Tensile    1     Elastic 
strength.  '     limit. 

Elongs-    Tensile 
tion.    \  strength. 

Elastic 
limit. 

Elonga 
tion. 

Shearing 

Detru- 
sion. 

Maximum 

load. 

Uegec- 
tion. 

Carbon 

Phoa. 
pliorua 

Bilicon 

Man- 

giuieac. 

Phosplionw 

Daiuil}>. 

1 

8 

Grade  tangeDt,  slower  weariug. 

.0640    79.00 

3.18 

14.92 

1.15 

38.84 

79,625      37,625 

19.6      78,250 

3.5,750 

20.5 

66,962 

.0969 

3014 

147° 

.324 

.070 

.102 

.662 

34.8 

.28184 

•i. 

8 

Grade  tangent,  fatter  wearing. 

.0861     .50.49 

3.29 

11.62 

1.28 

32.15 

81,250      36,625 

15.6      77,375 

37,125 

14.7 

60,500 

.0800 

3320 

133° 

.379 

.095 

.051 

.669 

87.9 

.28141 

3 

4 

Grade  curve,  low  side,  slower  wearing. 

.0653    32.34 

5° 

2.89 

15.66 

1.06 

37.40 

72,750       32.250 

22.5 

70,750 

29,250 

22. 

63,376 

.0919 

2765 

188° 

.308 

.054 

.045 

.439 

26.7 

.28226 

4 

4 

Grade  curve,  low  side,  faster  wearing. 

.1049 

78.54 

4,0 

3.25 

9.25 

1.25 

24.13 

76,750  1   38,250 

11.5 

74,00Q 

30,500 

9.6 

61,260 

.0787 

3145 

174° 

.438 

.127 

.031 

.666 

42.0 

.28121 

6 

4 

Grade  curve,  high  side,  slower  wearing. 

.1291 

50.82 

4}° 

2.85 

11.10 

1.20 

28.08 

75,750  ^   36,600 

12.8 

73,760 

34,000 

16.2 

59,626 

.0837 

28G0 

126° 

.405 

.072 

.086 

.542 

31.3 

.28175 

6 

4 

Grade  curve,  high  side,  faster  wearing. 

.2217 

50.82 

6° 

3.20 

10.95 

1.23 

30.33 

83,500  y   37,000 

14.6 

80,760 

40,000 

16.2 

59.625 

.0844 

3247 

141° 

.384 

.085 

.064 

.659 

37.7 

.28164 

7 

8 

Level  tangent,  slower  wearing. 

.0174 

2.91 

14.22 

1.20 

35.12 

72,375  (   36,625 

17.5 

70,500 

33,875 

19.2 

56,876 

.0928 

2662 

167° 

.282 

.104 

.056 

.455 

31.0 

1   .28189 

8 

8 

Level  tangent,  faster  weariug. 

.069.5 

3.22 

11.09 

1.24 

31.47 

79,875      38,000 

14.5 

78,000 

36,875 

14.4 

63,662 

.0909 

3349 

138° 

.381 

.115 

.040 

.675 

40.0 

.28187 

e 

4 

Level  curve,  low  side,  slower  wearing. 

.0286 

2A° 

2.99 

12.92 

1.13 

31.79 

70,500      34,250 

17. 

69,500 

30,500 

17.5 

58,126 

.0969 

2792 

184° 

.367 

.066 

.028 

.426 

28.8 

.28240 

10 

4 

Level  curve,  low  side,  faster  wearing. 

.0715 

34° 

3.32' 

10.74 

1.36 

28.87 

82,000      40,250 

12.7 

76,000 

38,500 

13.2 

63,250 

.0875 

3080 

119° 

.394 

.114 

.042 

.574 

3H.1 

.28186 

11 

4 

Level  curve,  high  side,  slower  wearing. 

.0493 

2t'.° 

3.09 

10.76 

1.19 

27.81 

78,000   :    36,750 

10.7 

74,260 

33,250 

13.7 

61,500 

.0969 

3026 

150° 

.378 

.061 

.067. 

.491 

31.2 

.28219 

12 

4 

Level  curve,  high  side,  faster  wearing. 

.1829 

3° 

3.28 

12.28 

1.25 

32.20 

77,000  '   40,250 

15. 

76,000 

35,750 

14.5 

63,125 

.0925 

2972 

116° 

.388 

.100 

.044 

.001 

37.4 

.28193 

18 

24 

Tangents  and  low  sides  curves,  slower  wearing. 

.0878 

3.01 

14.48 

1.15 

36.19 

74,542      35,833 

18.9 

72,958 

33,167 

19.8 

56,529 

.0943 

2818 

167° 

.314 

.080 

.066 

.483 

31.4 

.28201 

14 

24 

Tangents  and  low  sides  curves,  faster  wearing. 

.0779 

3.27 

10.90 

1.28 

30.04 

80,167   '   37,958 

14.1 

76,792 

36,167 

13.6 

62,104 

.0847 

3260 

140° 

.892 

.110 

.044 

.653 

39.3 

.28160 

15 

8 

High  sides  of  curves,  slower  wearing. 

.0892 

2.97 

10  93 

1.19 

27.94 

76,875      36,825 

11.7 

74,0011 

33,625 

14.4 

60,662 

.0903 

2942 

138° 

.891 

.060 

.040 

.516 

31.2 

.28197 

16 

8 

High  sides  of  curves,  faster  weariug. 

.1773 

3.24 

11.61 

1.24 

31.27 

80,250      38,625 

14.7 

78,375 

37,875 

14.8 

61,376 

.0884 

3109 

128° 

.386 

.092 

.064 

.030 

37.5 

.28178 

17 

32 

All  conditions,  slower  wearing. 

.0506 

3.00 

13.59 

1.16 

34.13 

75,125      36,031 

17.1 

73,219 

33,281 

18.6 

57,537 

.0933 

2878 

100° 

.384 

.077 

.060 

.491 

31.3 

.2^201 

18 

32 

All  conditions,  faster  wearing. 

.10:'8 

3.26 

11.08 

1.27 

30.35 

80,188      38,125 

14.2 

77,188 

36,.594 

13.8 

61,922 

.0856 

3222 

133° 

.390 

1 

.106 

.047 

.647 

38.9 

.28166 
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(Continued  from  page  IJKi.  i 

Turning  our  attention  now  again  to  the  tables  before  referred  to, 
I  tliink  that,  notwithstandiui;  we  do  not  Hnd  absolute  unit'ormitv,  a.< 
I uus  just  been  explained,  yet  im  iine  ean  tail  to  observe,  in  general,  a 
diH'erence,  both  in  physi«il  properties  and  in  chemical  composition, 
between  the  slower-wearing  and  the  more  rapid- weiiring  rails.  Thus, 
in  regard  to  the  physical  |)ro|)erties,  I  think  it  is  entirely  evident  to 
inspection,  that,  in  the  torsion  tests,  the  slower-wearing  rails  in  each 
group,  except  perhaps  <>n  the  high  sides  of  curves, are  characteri/e<l  iu 
general  by  lower  height  and  greater  length  of  diagram.  In  the  tensile 
tests,  again,  the  slower- wearing  rails  are,  in  general,  characterizeil  by 
lower  tensile  strength  and  greater  elongation  tiian  the  more  rapid- 
wearing  ones.  In  the  shearing  tests,  the  same  thing  appears,  vi/.,  in 
general,  lower  shearing  stress  and  greater  detrusion.  And  in  the 
bending  tests  we  see  the  same  result,  {)erhaps  more  strongly  than  in 
Whole  No.  Vol.  CXI.— (Third  Series,  Vol.  Ixxxi.)  16 


242  Dudley — Steel  Rails.  [Jour.  Frank.  Inst., 

any  of  the  other  tests,  viz.,  that  the  slower-wearing  rails  are,  in  general, 
those  which  have  the  lower  bending  stress  and  the  greater  amount 
of  deflection  before  rupture.  In  density,  as  Avould  be  expected,  the 
slower-wearing  rails  have  the  greater  density.  Again,  in  the  chemi- 
cal composition,  the  same  thing  is  observable,  viz.,  that  the  slower- 
wearing  rails  are  characterized  in  general  by  the  lower  amounts  of  the 
substances  determined,  carbon,  phosphorus,  silicon,  and  manganese, 
■svhile  in  phosphorus  units,  Avhich,  as  you  remember,  I  suggested  as 
an  attempt  to  measure,  in  a  degree  at  least,  the  combined  influence  of 
these  substances  on  the  steel,  the  same  thing  may  be  seen,  viz.,  in 
general,  the  slower-wearing  rails  are  characterized  by  the  lower 
numbers  of  phosphorus  units. 

Now,  how  shall  we  render  evident  to  ourselves,  in  a  more  tangible 
manner,  what  seems,  on  inspection,  to  be  the  general  teaching  of  the 
results  we  are  studying.  I  know  of  no  method  except  that  of  com- 
bining these  results  together  and  forming  averages.  This,  I  believe, 
is  the  universal  method  applicable  to  all  cases  where  it  is  desired  to 
draw  conclusions  from  results  embracing  a  number  of  samples.  If, 
therefore,  we  make  a  series  of  averages  of  the  results  obtained,  the 
individual  peculiarities  of  the  different  rails  will,  to  a  certain  extent, 
disappetir,  and  the  general  conclusions  become  more  evident. 

Aooompanying  Plate  8  gives  a  number  of  such  averages.  The 
first  line  (m  this  plate  gives  the  averages  obtained  from  combining 
together  all  the  essential  data  of  the  eight  slower-wearing  rails  of  the 
first  group.  The  second  line  gives  the  same  data  for  the  eight  more 
rapid-wearing  rails  of  the  same  grouj).  The  next  ten  lines  give  the 
corresponding  averages  obtained  from  the  remaining  five  groups. 
Turnino;  our  attention  now  to  these  averages,  I  think  the  same  general 
conclusions  which  we  have  already  obtained  become  still  more  clearly 
evident,  viz.,  that,  perhaps,  with  the  exception  of  the  rails  on  the  high 
sides  of  curves,  the  slower-wearing  rails  in  each  group  are  in  general 
characterized  by  those  peculiarities  which  we  are  accustomed  to  com- 
prehend under  the  general  term  softer  steel ;  that  is,  in  general,  dia- 
grams of  less  height  and  greater  length,  lower  tensile  strength  and 
greater  elongation,  lower  shearing  stress  and  greater  detrusion,  lower 
bendiuo-  stress  and  greater  deflection,  and  lower  amounts  of  carbon, 
phosphorus,  silicon,  and  manganese,  and  lower  phosphorus  units.  The 
exceptions  to  the  law,  if  we  may  so  call  it,  will  be  readily  noticed,  and 
are,  perhaps,  inseparable  from  averages  formed  from  so  small  a  number 
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of  samj>lL'.s  a-  arc  ^'Oine  of"  tliese.  The  rails  on  tlic  liigli  .>r.i(l(.>  of  curves 
will  be  noticed  further  on. 

With  regard  to  the  averages  under  consideration,  it  is  perhaps; 
interesting  to  notice  that  the  slower-wearing  rails  are  characterized 
throughout  the  wjiole  series  hy  lower  height  of  diagram  and  lower 
elastic  linut  in  the  torsion  tests,  by  lower  elastic  limit  in  the  annealed 
tensile  tests,  by  lower  bending  stress  and  greater  deflection  in  the 
bending  tests,  by  lower  })hos|)liorus  and  lower  manganese,  in  the 
chemical  analyses,  by  lower  phosphorus  units  and  by  greater  densitv. 
It  should  be  remarked  that  the  high  average  silicon  of  the  slower- 
wearing  rails  on  grade  tangents  is  caused  almost  entirely  bv  rail  No. 
^81,  a  rail  whose  chemical  composition  and  ])hysical  properties  are 
■certainly  an(»malous.  This  rail  has  0*48  of  silicon  together  with  high 
<?arix)n  an<l  manganese,  and  yet  it  gives  with  high  tensile  strength,  as 
would  be  exi)ected,  a  very  good  elongation.  I  may  add  that  three 
determinations  of  the  silicon  in  this  rail  were  made,  in  order  to  be  sure 
that  there  was  no  error  in  the  work.  The  peculiarities  of  this  i-ail 
<'ause  the  average  of  which  it  forms  a  part  to  differ  from  the  other 
averages  of  the  slower-wearing  i-ails  in  several  i)articulars.  If  this 
rail  is  thrown  out,  and  an  average  made  from  seven  rails  instead  of 
•eight,  all  the  data  fall  more  nearly  into  line  with  the  averages  of  the 
slower-wearing  rails  in  the  other  gr(juj)s.  Thus,  to  give  two  or  thiee 
examples,  the  average  tensile  strength  of  the  unamiealed  tests  l)ecomes 
75,143  lbs.  instead  of  79,(32o  lbs.;  the  elastic  limit  of  same  tests, 
35,000  lbs.  instead  of  37,025  lbs.;  the  tensile  strength  of  the  annealed 
tests,  75,428  lbs.  instead  of  78,250  lbs.;  the  carbon,  0-301  instead  of 
0-324;  the  jihosphorus,  0-082  instead  of  0*076;  the  silicon,  0-048 
instead  of  0'102;  the  manganese,  0-530  instead  of  O'o«j3 :  and  the 
phosphorus  units,  31-3  instead  ^A'  34-S 

W'\i\\  regard  t(^  the  rails  on  the  high  sides  of  curve-,  it  will  be 
observed  that  they  do  not  seem  to  be  governetl  throughout  bv  the  s;une 
law  as  the  remaining  groups.  Whatever  may  be  the  reasoti  for  this 
no  one  can  fail  to  observe  indicatiiuis,  which  seem  to  jxtint  in  the 
direction,  that  on  the  high  sides  of  curves  the  harder  rails  give  the 
better  wear.  This  is  especially  noticeable  in  the  group  of  rails  on  the 
high  sides  of  level  curves.  It  is,  nevertheless,  to  be  observed  that  in 
some  of  the  data,  especially  height  of  diagram  and  elastic  limit  in  the 
torsion  tests,  elastic  limit  in  both  the  annealetl  and  unanneale<l  tensile 
tests,  in  the  shearing  tests,  in  the  deflection  of  the  bendimr  tests,  and 
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ill  tlie  chemical  composition  the  groups  of  rails  on  the  high  sides  of 
curves  do  not  differ  from  the  remaining  groups.  It  would  not  be 
surprising  if  more  extended  data  should  show  that  a  different  quality 
of  steel  would  give  better  wear  on  the  high  sides  of  curves  than  was 
found  best  in  the  other  conditions  of  service.  For  on  tangents,  and  on 
tlie  low  sides  of  curves,  the  kind  of  w^ear  to  which  the  rails  are  sub- 
jected seems  to  be  different  in  its  nature  from  the  wear  on  (he  high 
sides  of  curves.  On  tangents,  and  on  the  low  sides  of  curves,  tlie  loss 
of  metal  is  apparently  due  to  two  causes:  1st  and  principally,  to 
rolling  friction  ;  and  2d,  to  the  sliding  of  the  wheels.  Now  on  the 
liigh  sides  of  curves,  in  addition  to  the  loss  of  metal  due  to  these 
causes,  there  is  also  that  due  to  the  flanges  of  the  wheels,  or  flange 
wear.  Now  flange  wear  may  not  only  be  different  in  its  nature,  but 
may  also  require  different  qualities  in  steel  to  most  successfully  resist 
it  from  what  are  found  best  where  tlie  rails  are  subjected  principally 
to  rolling  friction.  This  point  will  be  referred  to  again  when  we  come 
to  speak  of  the  nature  of  wear. 

Thus  far  we  have  confined  our  study  to  the  consideration  of  averages 
obtained  from  the  rails  within  each  group.  But,  if  I  am  right,  the 
value  of  averages  increases  with  the  number  of  samjiles  from  which 
they  are  derived.  It  will  be  instructive,  therefore,  to  make  averages 
of  the  slower  and  faster- wearing  rails,  embracing  as  large  a  number  of 
samples  as  posjsible.  But,  as  has  just  been  noticed,  the  kind  of  wear 
to  which  rails  have  been  subjected,  whether  rolling  and  sliding  friction 
or  flange  wear,  may  have  an  influence.  It  will,  therefore,  perhaps  be 
most  instructive  to  make  averages  of  all  the  rails  which  have  been 
subjected  to  the  same  kind  of  wear,  and  see  what  their  testimony  is  as 
to  the  physical  properties  and  chemical  composition  of  the  slower- 
wearing  rails.  NoAV,  forty-eight  rails  out  of  the  sixty-four  we  are 
studying  did  their  service  under  similar  circunistiuices  as  to  kind  of 
wear;  that  is,  forty-eight  of  the  rails  were  on  tangents  and  on  the  low^ 
sides  of  curves,  and  consequently  had  little  or  no  flange  wear,  while 
sixteen  of  the  rails  were  on  the  high  sides  of  curves,  and  were  conse- 
quently subjected  to  both  kinds  of  wear. 

In  accompanying  Plate  8,  line  No.  13  "gives  the  averages  of  the 
twenty-four  slower-wearing  rails  which  did  their  service  on  tangents 
and  on  the  low  sides  of  curves,  and  were  consequently  subjected  to  the 
same  kind  of  wear;  while  line  No.  14  gives  the  averages  of  the  twenty- 
four  faster- wearing  rails  that  did  their  service  under  the  same  con- 
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ditioii^.  Line  No.  15  jjiv&s  tlic  uverajjo.s  of  tlie  ei<j;lit  -lower-wcariiiij 
rails  tliat  were  on  the  high  sides  of  curves,  and  line  No.  1<)  the  aver- 
ages of  the  eight  faster- wearing  rails  under  the  sanit-  condition-'. 
What,  now,  <lo  these  four  lines  of  results  teach? 

With  regard  to  the  first  two  of  these  four  lines,  inspection  se<*in>  to 
me  to  show  ver>'  clearly  that  the  slower-wearing  rails  are  characterized 
by  those  pliysieal  properties  and  that  chemical  composition  which  we 
are  accustoine<l  to  comprehend  under  the  term  softer  steel.  In  other 
words,  we  find  that  the  slower-wearing  rails  are  characterized  l»y  lower 
height  and  greater  length  of  diagram  and  lower  elastic  limit  in  the 
torsion  tests;  by  lower  tensile  strength,  lower  elastic  limit  ami  greater 
elongation  in  the  tensile  tests;  by  lower  shearing  stress  and  greater 
detrusion  in  the  shearing  tests;  by  lower  bending  stress  ami  greater 
deflection  in  the  ix'nding  test.s;  by  lower  carbon,  phosphoru-^  and  man- 
gant^e,  with  a  trifle  iiigher  silicon  (caused  by  rail  No.  HSl,  ;i>  ha.-"  I)een 
before  explained)  in  the  chemical  composition;  by  lowci-  pli<'-<|»liorus 
units,  and  by  greater  density. 

With  regard  to  tlie  next  two  jine.^,  giving  the  average^  of  the  raiU 
on  the  high  sides  of  curves,  the  testimony  <>f  the  data  is  not  uniform. 
The  length  and  area  of  diagram  in  the  torsion  tests,  and  the  elongtition 
of  the  tensile  tests,  and  also  in  a  slight  degree  the  carbon,  indictite  that 
the  slower-wearing  rails  are  the  harder  steel.  In  every  other  item  of 
the  data,  however,  the  slower- wearing  rails  are  characterize<l  by  the 
same  peculiarities  that  we  have  notice<l  in  regard  t<)  the  other  rails, 
viz.,  lower  height  of  diagram  and  lower  elastic  limit  in  the  tor-ion 
tests;  lower  tensile  strengtii  and  lower  elastic  limit  in  (he  ten>ile  tests; 
lower  siiearing  sti"ess  and  greater  detrusion  in  the  shearing;  tests;  lower 
bending  stress  and  greater  deflection  in  the  bending  tests;  lower  pho-i- 
phorus,  silicon  and  manganese,  with  lower  })hosphorus  unit-  in  the 
chemicid  comjxisition,  and  greater  density.  It  ma\"  be  that  tlii-  want 
of  uniformity  in  the  data  from  the  rails  on  the  high  sides  ut"  curve-,  i- 
due  to  the  fact  that  our  averages  only  eud>ra<'e  sixteen  s;iinple->,  and  it 
may  be,  on  the  other  hand,  that  an  indefinite  number  of  sample- w<  mid 
give  the  same  results.  Or,  again,  it  may  l>e  that  tin-  want  ot"  uni- 
formity is  due  to  a  fact  that  has  aln-adv  been  statal,  viz.,  that  on  the 
high  sides  of  curves  the  loss  of  nietal  is  due  to  a  mixeil  wear,  partly 
frqm  rolling  and  sliding  friction  and  partl\'  from  Hange  wear.  If  a 
oertiiin  cpiality  of  steel  most  successt'uUy  resists  loss  of  metal  due  to 
rolling  and  sliding  friction,  and  a  certain  other  tjualitv  i.f  -tccl   l»e?it 
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resists  flange  wear,  tlieii  certainly  it  is  not  strange  tliat  in  results 
obtained  from  a  series  of  rails,  which  have  been  subjectt.'d  to  l^oth 
these  kinds  of  wear  at  once,  there  should  not  be  absolute  uniformity. 
If  in  the  case  of  every  rail  the  loss  of  metal  was  due  almost  entirely 
to  rolling  and  sliding  friction,  or,  on  the  other  hand,  if  the  loss  of 
metal  was  due  almost  entirely  to  flange  wear,  there  is  very  little  doubt 
but  that  the  law  would  appear.  But  it  is  not  difficult  to  conceive  that 
there  may  be  in  any  series  of  rails  such  a  relation  betw-een  the  loss  of 
metal  due  to  both  of  these  causes  as  to  make  it  quite  difficult  to  dis- 
cover what  kind  of  steel  is  best  adapted  to  the  high  sides  of  curves. 

Xevertheless,  in  an  investigation  of  the  extent  of  the  one  under 
consideration,  perhaps  the  best  that  w^e  can  expect  to  do  is  to  get 
indications,  and  as  far  as  may  be  definite  conclusions,  as  to  the  kind  of 
rail  best  adapted  to  resist  wear  on  the  road  taken  as  a  whole.  It 
will,  perhaps,  therefore,  not  be  wise  to  discuss  further  the  peculiarities 
of  steel  rails  best  adapted  to  any  one  kind  of  service,  but  to  ask: 
What  is  the  teaching  of  all  the  results  we  have  obtained?  This 
teaching  will  of  course  become  evident  if  we  make  two  averages,  the 
one  of  the  slower- wearing  and  the  other  of  the  faster- wearing  rails,, 
the  two  embracing  the  whole  sixty-four  rails. 

In  accompanying  Plate  8,  lines  Nos.  17  and  18  give  such  averages. 
An  inspection  now  of  these  two  lines  seems  to  me  to  present  in  a  very 
striking  light  the  differences  in  the  results  of  the  physical  tests  and  in, 
the  chemical  composition,  which  are  characteristic  of  the  slower- 
wearing  and  the  more  rapid-wearing  rails.  In  every  particular  of 
phvsical  test  and  of  chemical  composition,  except  a  trifle  higher  silicon,, 
which,  as  has  been  before  explained,  is  caused  by  rail  No.  881,  the 
averages  of  the  32  slower- wearing  rails  are  such  as  belong  to  what  we 
are  accustomed  to  call  softer  steel.  In  other  words,  the  slow^er-wearing 
rails  have  on  the  average  less  height  and  greater  length  of  diagram,, 
with  lower  elastic  limit  in  the  torsion  tests;  lower  tensile  strength,, 
lower  elastic  limit  and  greater  elongation  in  the  tensile  tests;  lower 
shearing  stress  and  greater  detrusion  in  the  shearing  tests;  lower  bend- 
ing stress  and  greater  deflection  in  the  bending  tests;  lower  carbon,, 
phosphorus,  manganese  and  phosphorus  units  in  the  chemical  compo- 
sition, and  greater  density.  It  seems  to  me,  therefore,  that  so  far  as  we 
may  trust  the  teachings  of  64  rails,  all  of  which  have  actually  done 
service,  ue  can  hardly  escape  the  conclusion  that  the  softer  rails  give 
the  better  wear. 


April,  1881. J  hiuUcji — Steel  Railft.  247 

In  view  ol*  iliis  coiiclusioii,  two  (jiK'sti<»ns  very  naturally  arise: 

1st.  If  the  -otter  rails  ^ive  the  better  wear  why  not  make  rails  even 
softer  than  thox-  in  the  series  we  are  now  considering;  or,  in  <»ther 
words,  what  \-  the  limit  of  softness  to  wiiieh  it  is  possible  to  go? 

And,  2(1.  With  our  present  Uiiowledge  of  steel,  is  there  any  concep- 
tion which  will  at  all  assist  us  in  understanding  why  it  is  that  the 
softer  rails  give  the  better  wear? 

As  to  the  Hrst  (piestion,  I  think  almost  every  practical  man  will  say 
at  once:  If  vour  c(»nclusions  are  correct  that  the  softer  rails  »^ive  the 
lu'tter  wear,  why  not  make  rail^-  as  soft  as  possible?  indeed,  why  not 
us(!  intn  rails  instead  of  steel?  In  answer  to  this  latter  (juestion  I 
think  it  mav  be  fairly  said,  that  such  metal  as  is  used  for  rails  which 
we  are  accustomed  to  call  iron  is  (juite  a  different  metal  from  that 
commoidy  called  steel  which  is  used  for  rails.  From  the  j>rocesses 
used  in  tiieir  manufacture,  intn  rails  are  never  free  from  slag,  and  lack 
liomogeneity  of  structure,  while  steel  rails,  from  their  metinKl  of 
manufacture,  are  almost  entirely  free  from  slag,  and  are,  or  should  be, 
practi<'allv  h(»mogcneous  throughout.  In  the  ])uddling  prcn-ess  by 
which  the  iron  for  iron  rails  i-  made,  the  metal  when  taken  tVom  the 
])uddling  furnace  is  a  diipping  mass  ot'  iron  and  slag,  an<l  the  amount 
of  slag  that  is  removed  is  dependent,  in  great  part  at  least,  on  the 
subse(pient  working.  Furthermore,  in  the  subse<^pient  o|X}rations 
before  tlie  rail  is  finished  there  :ire  plenty  of  chances  f<»r  non-welding, 
so  that  an  iron  rail  might  almost  l)e  cited  as  an  example  ot'  non- 
homogeneitv  of  structure.  In  the  prowsses  by  which  steel  rails  are 
made,  on  the  other  hand,  the  metal  previous  to  the  formation  of  the 
ingot  is  in  a  stat<'  of  fusion,  thus  allowing  the  :dmost  complete  separa- 
tion of  the  slag,  and  tlu'  formation  of  ingots,  from  which  rails  are 
U)  be  rolled,  that  are,  or  -hould  be,  |>nictic;dly  iiomogeneous  in  >truc- 
ture.  Now  that  rails  made  from  ingot  iron,  if  such  a  metal  is  possible, 
that  is  iron  which  before  it  became  an  ingot  was  in  a  state  of  fusion, 
would  not,  in  actual  service,  wear  slower  and  lose  less  metal  per  million 
tons'  burden  that  pa.ssetl  over  them  than  even  the  best  rails  in  the 
series  we  are  studying,  is  an  :issertion  which  I  think  few  men  would 
b<'  willing  to  make,  and  fewer  still  would  be  able  to  maintain. 

Ru(,  it  seems  to  me,  that  there  is  a  natural  limit  to  the  softness  of 
steel  for  use  in  rails,  which  limit  is  determined  by  the  servi»r  to  which 
the  rails  are  to  be  sul)iected.  It  is  e'vident,  I  am  sure,  that  Ix'sides 
their  abilitv  to  successfullv  resist  wear,  :iud   to  withstand   the  shocks 
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and  blows  to  which  tliey  may  be  subjected,  rails  have  also  another  very 
important  duty,  viz.,  they  must  be  able  to  hold  up  the  load  w^hich  is  to 
pass  over  them  without  being  deformed  or  squeezed  out  of  shape  by 
this  load.  They  must  also  have  sufficient  stiffness  so  as  not  to  be  bent 
down  between  the  ties  by  the  load,  and  thus  give  rise  to  a  series  of 
elevations  and  depressions  in  the  track.  To  take  an  extreme  case  for 
an  example,  if  we  had  a  rail  made  of  lead  no  one  doubts  but  that  it 
would  entirely  fail  to  hold  up  the  load  between  the  ties,  and  would  on 
the  ties  be  deformed  and  squeezed  out  of  shape,  probably,  by  the  first 
train  that  passed  over  it.  Now  those  qualities  of  metal  which  enable 
it  to  hold  up  a  load  without  bending,  and  to  successfully  resist  defor- 
mation from  compression,  are  generally  comprehended  with  others 
under  the  term  hardness.  In  other  words,  to  apply  this  to  the  case  we 
have  in  point,  the  harder  the  steel  in  the  rails  the  less  liable  will  they 
be  to  bend  between  the  ties  and  to  suifer  deformation,  or  to  squeeze 
out  from  the  loads  which  are  above  them.  Here,  then,  is  the  limit  of 
softness.  The  steel  in  the  rails  must  not  be  so  soft  that  they  will  bend 
between  the  ties,  or  squeeze  out  of  shape  and  become  deformed  from 
the  compression  due  to  the  superincumbent  load. 

Just  exactly  where  this  limit  shall  be  placed  is  of  course  a  question 
to  be  decided  by  the  weight  of  the  locomotives  and  cars  which  are 
intended  to  run  over  the  rail.  On  roads  where  the  locomotives  and 
cars  are  comparatively  light  the  rails  could  be  made  softer,  and  con- 
sequently, if  our  conclusions  are  correct,  the  loss  of  metal  per  million 
tons'  burden  would  be  less  than  on  roads  using  heavier  locomotives 
and  freighting  their  cars  with  heavier  loads.  Just  where  this  limit  of 
softness  is  in  the  case  of  the  Pennsylvania  railroad,  it  is  of  course 
impossible  to  say,  but  from  an  examination  of  all  the  rails  which  have 
been  tested  at  Altoona,  amounting  to  nearly  a  hundred  samples,  I  think 
that  steel  which  gives  a  tensile  strength  of  65,000  lbs.  per  square  inch 
or  over  will  give  very  little  or  no  trouble  from  bending  or  deformation 
in  the  track.  It  may  be  that  this  limit  might  be  still  lower,  but  with 
our  present  knowledge  of  the  subject,  and  without  further  experimen- 
tation, I  should  hardly  like  to  recommend  it.  Another  consideration 
comes  in  here,  and  that  is,  it  is  a  little  more  difficult  to  successfully 
make  soft  steel  than  to  make  hard  steel,  and  it  may  be,  therefore,  that 
the  difficulties  of  manufacture  will  help  to  establish  the  limit  of 
softness. 

As  to  the  second  question:    Is  there  any  conception  which  helps  us 
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to  iuid«?rstaiMl  wliy  it  is  tliat  tin-  ^..t'tcr  rails  jrjvc  tin*  Ix'ttcr  wear?  I 
will  say  that  in  view  ot"  diir  ali'fni-<'  of  knowledj^c  a.-<  to  exactly  what 
i|ijality  or  oonibinatioii  of  (jiialiti*-  of  stwl  wear  is  a  fuiK^tioii  of,  tin* 
aiiswor  to  this  <|ii('stioii  Ixtitint-.  difficult.  Nevertheless,  we  mav 
possibly  get  a  little  helj)  upon  tlii-  pt)iiit  by  devoting  a  few  moments  to 
the  eonsideration  of  what  takes  place  when  steel  sutler-  loss  of  metal 
by  \v<*ar.  What  then  is  the  conditifni  of  th<'  sintacc-;  involvnl  in 
wear?  What  are  the  forces  which  act,  and  what  are  the  -tniins 
produced  '.' 

If  I  understand  the  matter  correctly,  no  two  surfaces  ever  have 
been  made,  or  can  be  made,  that  an;  ai)solntely  snnM»th.  At  tlie  very 
b(,'st,  the  smoothest  surfaces  are  made  up  of  eIeyation>  ami  (h'pressions, 
very  minute,  it  is  true — jierhaps  almost  infinitesimal  and  entirely 
incapable  of  measurement — but,  nevertheless,  real  elevations  and 
depressions.  When  these  elevations  and  depressions  are  tangible  we 
call  the  surface  rough;  when  they  are  infinitesimal  we  call  it  -mooth. 
If,  now,  this  rejtsoning  is  correct,  the  surface  of  the  head  of  a  rail,  as 
well  as  that  of  the  circumferences  of  the  wheels  above  it,  are  made  up 
of  elevations  and  depressions,  which,  when  the  two  surfaces  are  in 
contjict,  must  more  or  less  fit  into  one  another.  And  it  is  this  fitting 
in  of  the  minute  elevations  and  depression-  of  the  two  surfaces  that 
gives  rise  to  friction.  If  the  two  surfaces  were  absolutely  >.mooth, 
there  would  be  no  friction,  and,  eonstMiiifnt l\ .  no  tractive  power  in  the 
locomotives,  nor  wonld  the  wheels  under  the  cars  turn  around. 
Friction  of  thi>  kind  we  are  accustonied  ti>  call  rolling  fViction.  In 
reality,  then,  a  rail  and  the  wheel  which  rolls  above  it  may  Ik? 
regarded  as  a  rack  and  pinion  with  infinitesimal  teeth,  lackint;,  of 
course,  the  element  of  regularity  as  to  the  position  of  the  teeth  which 
characterizes  a  rack  and  pinion.  So  much  for  the  surface-  inv(»|y.'«l 
in  wear. 

Now,  what  are  the  force-  in\olved  in  wear,  and  what  -train-  do  they 
give  rise  to?  If  I  undeistand  the  matter  rightly,  there  are  two  kinds 
of  friction  which  may  occasion  loss  of  metal  by  wear  in  the  wuse  of 
rails  :  1st.  Rolling  friction,  which  occur-  when  the  wheels  turn  around 
and  the  trains  move  forward;  and.  2d.  .Sjidinir  friction,  which  .k-cuin 
when  the  wheel-  turn  around  in  the  -jmje  place,  ns  in  the  wise  of 
slipping  driver>.  or  when  ,  the  wlie«'ls  do  not  turn  around  and  yet 
move  along  the  track,  a.s  in  the  <-juse  of  -lidiiiir  wlu^els.  It  i-  probable, 
however,  that  by  far  the  large-st  iK)rtion  of  the  loss  of  metal  which 
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rails  suffer  is  due  to  rolling  friction;  it  will  therefore,  perhap.s,  be  suf- 
ficient for  our  purpose  to  consider  this  case  only. 

The  forces  which  act  between  the  top  of  the  head  of  the  rail  and 
the  wheels  in  rolling  friction  may,  it  seenis  to  me,  be  regarded  as  two 
in  number.  There  is,  first,  a  force  acting  directly  downward,  due  to 
the  weight  of  the  locomotives  and  cars.  This  force  may  be  regarded 
as  a  vertical  force  acting  perpendicularly  to  head  of  the  rail,  and  is  in 
action  both  when  the  train  is  standing  still  and  when  it  is  in  motion. 
Secondly,  there  is  a  force  acting  parallel  to  the  head  of  the  rail,  due  to 
the  traction  or  impelling  power  of  the  locomotives.  In  the  case  of  the 
driving-wheels,  this  force  may  be  supposed  to  act  in  the  direction 
opposite  to  that  of  the  motion  of  the  trains.  In  the  ca.se  of  all  the 
other  wheels,  this  force  may  be  supposed  to  act  in  the  direction  of  the 
movement  of  the  trains,  and  it  is  antagonism  to  this  force  by  the  rail 
that  causes  all  these  wheels  to  turn  around.  In  the  case  of  the 
drivers,  the  amount  of  this  force  acting  parallel  to  the  head  t»f  the  rail 
is  sufficient  to  overcome  the  total  train  resistance;  in  other  words,  to 
cause  the  train  to  move.  In  the  case  of  the  other  wheels  of  the  train, 
acting  individually,  this  force  parallel  to  the  head  of  the  rail  is  small, 
being  only  that  necessary  to  cause  the  wheels  to  turn  around;  in  other 
words,  to  overcome  journal  friction.  The  force  parallel  to  the  head  of 
the  rail  acts  only  when  the  train  is  in  motion. 

In  the  case  of  rolling  friction,  there  is,  of  course,  no  wear  except 
when  both  these  forces  are  acting  at  once.  But  when  two  forces  are 
acting  at  the  same  time  their  line  of  action  mu.st  be  regarded  as  in  the 
direction  of  the  resultant  of  the  two  forces.  In  the  case  we  are  con- 
sidering we  have  a  vertical  force  and  a  horizontal  force  acting  at  the 
same  time,  and  the  resultant  line  of  action  must,  of  course,  be  a 
diagonal.  h\  other  words,  in  rolling  friction,  if  the  conceptions  given 
above  are  correct,  the  line  of  action  of  the  force  which  produces  wear 
must  be  regarded  as  a  diagonal  to  the  line  formed  by  the  head  of  the 
rail.  In  the  case  of  the  driving-wheels,  the  diagonal  is  inclined  toward 
the  front  end  of  the  train,  and  in  the  case  of  the  other  wheels  it  is 
inclined  toward  the  rear  of  the  train. 

Returning  for  a  moment  to  the  conception  previously  mentioned, 
that  the  top  of  the  head  of  the  rail  and  the  surface  of  the  circumference 
of  the  wheel  are  a  rack  and  pinion,  with  infinitesimal  teeth,  but  with- 
out regularity  in  the  teeth,  let  us  see  what  kind  of  .strain  would  be 
produced  in  these  minute  teeth  by  a  force  acting  diagonally  to  the  line 
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nl"  tin-  lio;iil  of  tilt'  rail.  I  liardly  xr  li<»\\  we  can  avoid  the  (••Hiclasion 
that  thi-  strain  would  he  a  Ixndiiijr  -train.  In  the  ea"^*  when  the 
intinit(.'<inial  teeth  of  the  wheel  and  rail  did  not  fit  into  interstiees,  hut 
struck  against  each  other,  in  which  i"Ay^  tlie  ends  of  the  teeth  <»nly 
wonhl  he  involved  in  the  strain,  tlien  surely  the  strain  would  W'  a 
bending  one;  and  again,  in  the  «-{tse  in  wiiich  tlie  teeth  mutually 
engaged  ca<h  other  as  a  rack  and  pinion,  so  long  as  there  was  motion 
of  the  train,  wlii<-h  is  a  necessary  condition  of  rolling  friction,  it  seems 
to  mc  that  the  -train  would  still  he  that  of  hending, 

Ilwe  ari'  right  in  regard  to  the  nature  of  the  snrl'aces  involve<l 
in  wear  and  the  strains  pnnhiced,  wear  is  simply  the  breaking  or  pul- 
ling off  of  the  infinitesinud  teeth  by  the  strains  to  which  they  ar<'  sul»- 
je<'t<Hl.  And  here  we  see  why  it  is  that  the  softer  rails  give  tlie  lietter 
wear,  for  the  harder  the  steel  the  more  brittle  it  is;  and  the  more 
brittle  tlie  steel  the  more  readily  will  these  infinitesimal  teeth  l)e 
Imtken  of]"  by  the  strains  applie<l.  <  )n  the  other  hand,  the  softer  the 
-teel  the  more  rea<lily  will  these  intinitesimal  teeth  l>end  and  Hatteii 
down  under  the  strain  without  breaking  of!*.  Or,  to  make  the  state- 
ment geneial,  if"  the  natiu'e  f»f  the  steel  is  such  that  untler  the  strains 
applied,  whatever  they  may  Ix*,  the  teeth  readily  l)re:ik  f>ti',  which  is 
characteristic  of  hard  steel,  the  more  rapid  will  l>e  tlie  wear;  if,  on  the 
other  hand,  the  nature  of  the  steel  is  such  that  the  teeth  n^ulily  sutler 
distortion  wi.thoiit  iMiptm-e,  bend  and  flatten  down  without  breaking 
<tfi",  which  is  characteristic  of"  -oft  steel,  the  slower  will  be  the  weiir. 
The  above  is  not  offered  as  a  eom|»lete  solution  <>i"  the  problem  (»f  we:ir» 
but  as  pos>ibly  helping  us  to  understand  why  it  is  that  the  softer  raiLt 
give  the  bett<r  wear  as  we  actually  find  they  <lo. 

The  data  which  have  been  (»btained  in  the  work  <h>ne  (»n  this  .-eries- 
of  rails  make  it  possible  to  get  at  some  very  interesting  results  its  u> 
the  rate  of  wear  of  rails  under  different  con<litions  of  service.  Ihusy 
for  «'xample,  what  is  the  comparative  nite  ot"  wear  of  rails  on  gnide 
tangents  and  on  level  tangents,  or  on  grade  curves  and  on  level  <Mirve>, 
or  on  curves  as  compared  with  tangents,  etc.?  These  comparisons 
may  Ik-  made  by  taking  the  average  loss  of  metal  jH'r  million  tons  of 
all  the  rails  which  did  their  service  under  any  one  set  of  conditions, 
an<l  comparing  it  with  the  avenge  loss  of  metal  of  all  the  mils  which 
<li<l  their  service  under  any  other  set  of  conditions.  This  of  omrse 
involves  the  supposition  that  the  sixteen  rails,  for  example,  wlii«h  did 
their  service  on  grade  tangents  were  e([ually  as  giKnl,  taken  as  a  whole. 
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as  the  sixteen  which  did  their  service  on  level  tangent.-^.  AMiether  this 
supposition  is  absolutely  true  or  not,  I  think  the  differences  between 
groups  of  rails,  that  is  the  differences  Ijetween  the  groups  that  did  their 
service  under  different  conditions,  can  hardly  be  great  enough  to  lead 
us  into  serious  error.  The  results  of  these  comparisons  is  given  in  the 
following  three  tables.  In  these  tables  the  first  column  denotes  the 
kind  of  service  to  which  the  rails  have  been  subjected,  the  second 
column  denotes  the  number  of  rails  from  which  the  average  loss  of 
metal  per  .million  tons  in  column  third  is  derived,  and  the  fourth 
column  denotes  the  ratio  of  the  lo.ss  of  metal  for  the  kind  of  service 
between  which  the  comparison  is  made. 

TABLE    XO.  I.  I 

EFFECT   OF   GRADE   ON   WEAR. 
Kind  of  service.  No.  of  rails.       Average  loss  of  metal-      Ratio. 

Level  tangent,         .         .  -1^  *0384  )  -.     ,  .^2 

CJrade  tangent,    .         .         .  16  -0701  j 

Level  curve,   .         .         .  .     16  *0706  )  -.  ,i.oq 

Grade  curve,        .         .  .  16  "1277  j 

Levels,  .         .         .         ,32  -0545  |  ,     .01 

Grades       ....         32  '0989  j  ^  •  1  o^ 

The  above  table  shows  the  eHect  of  grade  on  the  wear  of  rails. 
The  average  grade  for  the  rails  on  tangents  was  64"75  feet  to  the  mile, 
and,  as  will  be  observed,  the  rails  on  the  grades  lost  1*82  times  as 
much  metal  as  the  rails  on  levels.  The  average  grade  for  the  rails  on 
curves  was  53*13  feet  to  the  mile,  and,  as  will  be  observed,  the  rails  on 
the  grades  lo.st  1*80  times  as  much  metal  as  the  rails  on  levels.  The 
average  grade  for  the  whole  32  rails  which  were  on  grades  was  58*94 
feet  to  the  mile,  and,  as  will  be  observed,  the  ratio  of  the  loss  of  metal 
on  levels  and  srrades  is  as  1  :  1*81.  This  table  mav  be  roughlv  summed 
up  by  saying  that  within  the  limits  of  our  experiments,  and  with  a 
grade  of  not  quite  60  feet  to  the  mile,  the  rails  on  the  grade  lose  about 
<30  per  cent,  more  metal  per  million  tons  than  the  rails  on  levels. 

TABLE    NO.  II. 
EFFECT    OF    CURVES    OX  WEAR. 
Kind  of  service.  No.  of  rails.  Average  loss  of  metal.       Ratio. 

Grade  tangents,     .         .         .     16  •  '0701  |  ,1  .r.^ 

Grade  curves,    ...         16  '1277  j 

Level  tangents,     .         .         .16  "0384  |  -.  .  .^^^ 

Level  curves,  .  .         .  16  *0706  ) 

Tangents,     .         .         .         .32  -0542  1  ,     ,.^0 

Curves,    ....         32  -0992  j  ^  •  ^  o^ 
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The  alcove  table  hIiows  tlie  effect  of  curves  on  the  wear  of  rail.<. 
The  average  degree  of  curvature  of  the  rails  on  grades  was  4^"^,  and, 
as  will  be  observed,  the  rails  on  the  curves  lost  82  per  cent,  more 
nietal  per  Miillioii  tons  than  the  rails  on  Uuigents.  The  average  degree 
of  curvatures  on  levels  was  2|-|°,  and,  as  will  be  observed,  the  rails  on 
curves  lost  84  per  cent,  more  metal  than  the  rails  on  tangents.  The 
average  degree  of  curvature  for  the  whole  32  rails  on  curves  was 
3^1°,  and,  as  will  be  observed,  the  rails  on  curves  lost  83  per  cent, 
more  metal  than  the  rails  on  tangents.  This  tai)le  may  be  roughly 
summed  up  by  saying  that  inider  the  conditions  ot"  our  experiments, 
and  on  about  4°  curves,  the  rails  on  the  curves  lose  about  83  percent, 
more  metal  per  million  tons  than  the  rails  on  tangents. 

TABr.E    NO.  III. 
WEAK   (JN    HIGH    AND    LOW  SIDES   OF   CURVED. 


Kiinl  of  service 

No  of  railn. 

Average  loss  of  metal. 

(irade  curve,  low  side,  . 

8 

•0801  ) 

(irade  curve,  high  side, 

8 

•1754  I 
•0500  1 

Level  curve,  low  side,   . 

8 

Level  curve,  high  side, 

8 

•0911  J 

Low  sides,    . 

.      1() 

•0650  I 

High  sides, 

16 

•1332  / 

E 

alio. 

1  : 

2-19 

1  : 

r82 

1  : 

:  2-05 

The  above  table  shows  the  relative  rates  of  wear  on  the  high  an<l 
low  sides  of  curves.  The  average  degree  of  curvature  of  the  rails  on 
the  grades  was  4|°,  and  the  average  elevation  of  the  rails  on  the  high 
sides  of  the  curves  was  4|  inches,  and,  as  will  be  observed,  the  rails 
on  the  high  sides  of  the  curves  lost  2^19  times  as  much  metal  per 
million  tons  as  the  rails  on  the  low  sides  of  the  same  curves.  Again, 
the  average  degree  of  curvature  of  the  rails  on  the  levels  was_2|4°, 
and  the  average  elevatioti  of  the  outer  rail  was  2|t  inches,  and,  as  will 
be  observed,  the  rails  on  the  high  sides  of  the  curves  lost  82  per  cent, 
more  metal  than  the  rails  on  the  low  sides  of  the  same  curves. 
Finally,  the  average  curvature  of  all  the  rails  on  curves  was^3|^°, 
and  the  average  elevation  of  the  outer  rail  was  3|^  inches,  and,'as  will 
be  observed,  the  rails  on  the  high  sides  of  the  curves  lost  2^05  times  as 
much  metal  as  the  rails  on  the  low  sides  of  the  same  curves.  This 
tiible  may  be  roughly  smnmed  up  by  saying,  that  umler  the  con- 
ditions of  our  experiments,  with  an  average  curvature  (»f  ab<»ut  4°, 
and  an  average  elevation  of  the  outer  rail  of  about  4  inches,  the  rails  on 
the  high  sides  of  the  curves  wear  a  little  over  twice  as  fast  as  the  rails- 
on  the  low  sides  of  the  same  curves. 
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The  data  which  have  been  obtained  in  the  work  done  in  this  series 
of  rails  furnish  likewise  tlie  means  of  getting  at  some  interesting  facts 
SiB  to  the  life  of  rails.  It  is  of  course  a  difficult  thing  to  say  just 
exactly  when  a  rail  is  so  M-orn  that  it  can  fairly  be  called  worn  out. 
And  yet  we  can  perhaps  make  a  few  assumptions  which,  although  not 
a,bsolute]y  definite,  may  aid  in  throwing  some  light  on  this  interesting 
■question.  If  we  take  any  standard  67  lb.  rail,  and  suppose  that  tlie 
head  is  worn  oif  on  tangents  or  on  the  low  sides  of  curves  until  it  is 
from  ^  to  f  of  an  inch  lower  than  it  was  when  rolled,  the  amount  of 
metal  worn  off  will  vary  from  about  6  lbs.  to  10  lbs.  per  yard.  On 
the  other  hand,  if  the  rail  has  done  service  on  the  high  sides  of  curves, 
the  amount  of  metal  worn  off  when  the  side  of  the  head  is  worn  up  to 
the  fish-plate  will  not  be  far  from  7  lbs.  per  yard.  But  as  I  under- 
stand it,  the  present  practice  on  the  road  is,  when  a  rail  has  become 
worn  on  the  high  side  of  a  curve  up  to  the  fish-plate,  to  remove  it  to 
the  other  side  of  the  curve,  and  get  two  or  three  years  more  wear  out 
of  it  in  that  position.  For  the  very  general  conclusions  that  \\q  are 
after,  therefore,  it  will  perhaps  Ije  sufficiently  accurate  to  say.  that  a 
rail  may  fairly  be  said  to  be  worn  out  when  it  has  lost  8  lbs.  of  metal 
per  yard.  This  assumption  of  cour.se  does  not  pretend  to  actually 
represent  the  loss  of  metal  by  wear  which  may  or  ought  to  be  obtained 
from  every  rail  before  it  is  worn  out.  In  the  case  of  the  old  standard 
section,  it  is  probable  that  rails  may  fairly  l)e  said  to  l>e  worn  out  when 
thev  have  lost  in  the  neighljorhood  of  <S  lbs.  per  yard.  In  the  case  of 
the  new  standard  section  (.section  of  1875)  a  loss  of  from  10  to  14  lbs. 
per  yard  would  leave  the  rail  in  as  good  condition  as  a  loss  of  8  lbs. 
per  yard  from  the  old  standard  section.  In  the  following  data,  how- 
•ever,  a  rail  is  assumed  to  be  worn  out  when  it  has  lost  8  lbs.  per  yard, 
and  from  the  figures  given  it  will  be  ea.sy  to  obtain  the  life  of  rails  for 
any  other  assumed  loss  of  metal.  It  Avill,  of  cour.se,  be  borne  in  mind 
that  the  figures  which  follow  are  strictly  applicable  only  to  rails  of  the 
same  quality  and  doing  service  under  the  same  conditions  as  those  from 
which  these  figures  are  derived.  The  conclusions  must  therefore  be 
regarded  as  entirely  general. 

The  following  table  shows  what,  with  .such  average  quality  of  steel 
as  this  report  deals  witli,  may  be  expected  from  rails  in  the  various 
conditions  of  service.  The  first  column  gives  the  number  of  the  line 
in  the  table,  the  second  column  the  kind  of  .service,  the  third  column 
the  number  of  rails  from  which  the  average  loss  of  metal  in  column 
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four  is  obtained,  the  fittli  coliiimi  tin-  iiuiiiix-r  of  luillioii  tons  require<l 
in  order  tliat  the  rail  may  jox-  ,S  Ihs.  of  metal  per  yard,  the  sixtli 
C'ohunii  the  life,  or  numher  of  years  the  rail  would  last  in  the  north 
traek,and  the  seventh  eolunin  the  life,  or  tlie  number  of  years  in  south 
traek.  Tlie.se  last  two  coliunns  are  computed  on  the  supjKKsition  that 
the  yearly  tonnage  on  tiie  north  track  is  5,000,000  tons  and  on  the 
south  track  8,000,000  tons.  On  the  north  track,  din-inir  the  9^  yciirs 
])r<'vious  to  July,  1879,  the  average  annual  tonnage,  including  of  course 
the  locomotives  and  the  weiglit  of  the  cars  as  well  as  their  loads,  lias 
J)een  4,904,000  tons,  while  on  the  south  track,  during  tlie  (j  yeiirs 
])revious  to  July,  1879,  tlie  average  annual  tonnage  lias  been 
7,985,000  tons. 

TAHLK    IV. 
THE    LITE    OF    KAILS    INDEH    DIIFEKENT    CONDITIONS    OF    SERVICE. 


No.    of 

Kiml  of  service. 

X...    of 

Average 

loss  <lf 

No. 
of  million 

Life  in 
yea  IN, 

Life  in 
years. 

line. 

rails. 

metal. 

tons  to 

iiorth 

South 

•uas4 

lose  8  lbs. 

track. 

track. 

1 

Level  tangents, 

1<> 

L»(»S-4 

41-7 

L'"i-1 

•) 

(innii'  taiiii»'Uts,  , 

Hi 

•(•Till 

114-1 

L'li'S 

14J 

;; 

Levi'l  curvi-s,    . 

ii; 

•oyiii; 

ll:!-;; 

l'L'-"i 

141 

4 

(Iradc  curvis, 

Ki 

•1J77 

*yi'~ 

IJ-.". 

7-s 

-") 

Low  .-i(k'  IfVfl  (urvf^, 

,s 

•u.")Ol> 

KIUM* 

."i^'O 

lM»-(l 

<> 

Hiy:li  >'u\v  level  eiu'ves, 

« 

MKdl 

87  VS 

17-.") 

no 

1 

Low  sidiiirade  curves, 

s 

•USUI 

;)s-!» 

l!ts 

Hi-:; 

s 

tli^ili  si<le,m-a«lecurves, 

s 

•17.-)4 

4.'. -7 

!••] 

•")'7 

<) 

Tan<.u'nts 

■.VI 

•o.')4l' 

147ti 

•_•!»  .") 

IS-.-) 

10 

Curves 

'•VI 

•((!«»L' 

Md-t) 

]til 

nil 

11 

Level> 

.'!'* 

•Oo4.') 

14H-.S 

l.>1»-4 

ls-:5 

\1 

(Jrades 

■.VI 

•(LMSJ) 

S(C!» 

Ki-l' 

lo-j 

\:\ 

Low  silk'  curves,    . 

1(i 

•(»;.')0 

lj;vi 

L'4-ti 

l-)-4 

14 

High  si<le  curves, 

Iti 

•1:!:{J 

()M-1 

ll'M» 

7'") 

1.-) 

All  coiiililious, 

(i4 

•07ti7 

1(»4:^ 

lld-s 

l.S-(l 

It) 

;i:2  slower-wearing,    . 

.'>1- 

•(  !.■)(  M  i 

l.-)Sl 

.■;i-ii 

I'.fS 

17 

;^2  faster-wearing,  . 

■  Vl 

•inis 

77 -s 

l.-).(i 

!»-7 

In  the  above  table  the  lir.-t  eight  lines  show  what  may  l>e  exi)Octod 
from  lails  of  the  (piality  we  are  considering  in  all  conditions  of 
service,  on  the  su})position  that  a  rail  is  worn  out  when  it  has  lost 
<'ight  pounds  of  metal  i)er  yard,  and  that  it  ctirries  Hve  million  tons 
])er  year  in  the  north  track  and  eight  million  tons  per  year  in  the 
.south  traek.  It  is,  of  ctnnse,  very  simple  to  obtain  from  the  figures 
given  the  life  of  rails  under  any  other  supposition.  Thus,  if  the  ton- 
nage doul)les,  the  life  oi'  the  rails  »vonld  y->\'  course  be  one-half  as  great 
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as  that  given  aliove.  On  the  other  liand,  if  a  rail  is  not  regarded  as 
worn  out  until  it  has  lost  12  pounds  of  metal  per  yard,  the  life  of  the 
rail,  the  tonnage  being  the  same,  Avill  be  <tne-half  greater  than  the  figures 
given  above.  The  remaining  lines  <)f  this  table,  except  the  last  two, 
show  the  life  of  rails  under  different  combinations  of  the  various  con- 
ditions of  service.  They  are  given  for  the  sake  of  information,  and 
perhaps  do  not  need  any  special  comment  or  explanation.  The  first 
eiglit  lines,  of  course,  give  the  data  that  are  most  valuable.  With 
regard  to  these  data  it  will  be  noticed  that  on  the  high  sides  of  grade 
curves,  the  average  degree  of  curvature  being  4|°  and  the  average 
grade  64*75  feet  to  the  mile,  a  rail  of  such  average  quality  as  those  we 
are  studying,  and  on  the  suppositions  above  given  as  to  loss  of 
metal  and  tonnage,  may  be  expected  to  last  a  little  less  than  six  years 
in  south  track  and  a  little  over  nine  years  in  north  track.  On  the  low 
sides  of  the  same  curves  the  life  is  a  little  more  than  twice  as  long. 
This  table  may,  perhaps,  be  best  summed  up  by  saying  that  rails  have 
their  shortest  life  on  the  high  sides  of  grade  curves,  next  on  the  high 
sides  of  level  curves,  next  on  the  low  sides  of  grade  curves,  next  on 
grade  tangents,  next  on  low  sides  of  level  curves,  and  their  longest  life, 
as  would  be  expected,  on  level  tangents. 

It  is  an  interesting  question  whether  it  will  be  j)Ossible  to  get  the 
high  number  of  years'  service  given  under  some  of  the  conditions 
above  in  actual  practice.  At  first  sight  this  seems  improbable.  But 
so  far  as  loss  of  metal  by  wear  is  concerned,  I  see  no  escape  frcMu  the 
conclusions  given  above,  the  conditions  remaining  the  same.  Other 
causes  may,  of  course,  take  a  rail  out  of  service.  And  undouljtedly 
these  other  causes,  such  as  crushing,  breaking,  distortion  of  head,  and 
especially  uneven  wear,  will  all  combine  to  make  the  average  life  con- 
siderably less  than  the  above  figures  show.  Nevertheless,  the  life  of 
rails  due  to  wear  alone  being  known,  it  will,  of  course,  be  the  aim  to 
diminish  the  removal  of  rails  from  the  track  due  to  other  causes  as 
much  as  possible,  and  thus  approximate  closely  to  the  best  results. 

One  word  more  in  regard  to  the  life  of  rails.  The  la.st  two  lines  in 
the  above  table  give  the  same  items  of  information,  computed  in  the 
same  way,  as  are  contained  in  the  remainder  of  the  table.  But  in  the 
first  of  these  two  lines  the  data  are  such  as  would  be  obtained  if  all 
the  rails  in  the  series  had  been  as  good  as  the  average  of  the  thirty-two 
slower-wearing  or  better  rails,  while  the  second  of  these  two  lines  shows 
what  would  result  if  all  the  rails  had  been  the  same  as  the  average 
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(if  tlic  tliirty-two  I'aster-wcariiiji:.  As  will  Ix-  observed,  it"  all  tlio  rail< 
in  tlie  series  iiatl  lost  metal  or  worn  as  last  as  ilie  iiveraj^e  of  tlie  tliirtv- 
two  faster-wearing  rails,  the  In-st  that  we  eonid  expect  nnder  th«'  snp- 
positions  given,  as  to  loss  t»f  metal  and  vearly  tonnage,  would  he  a 
tonnage  of  about  seventy-eight  million^  and  a  life  of  a  little  less  than 
tt!n  years  in  south  track.  On  the  other  hand,  if  all  the  rails  had  U-en 
as  good  as  the  average  of  the  thirty-two  slower-wearing  or  better  rails, 
the  tonnage  and  lite  would  It*-  ju-^t  about  double  these  figures.  In 
other  words,  the  sl<»wer-wearing  lails  are  on  the  avenige  about  twice 
as  good  in  (juality  as  the  fastei-- wearing,  and  would  conseijueutlv  give 
about  twice  a>-  high  a  tounag<'  and  twic«^  as  long  a  life. 

These  data  may  l»f  |»ut  in  annthtr  f'irm,  which  pcrlia|»s  will  be  the 
fairer  way  ot"  looking  at  them.  The  average  life  of  the  sixtv-tour 
rails  we  are  studying,  on  the  suppositi<»n  that  they  are  worn  out  when 
they  have  lost  eight  pounds  per  yard,  and  that  the  yearlv  tomiage  in 
south  track  i-  eight  milli<»n  tons,  is,  as  is  seen  in  thinl  line  from  bot- 
tom of  aU)ve  tal)le,  tiiirteen  years.  \i\  now,  we  were  able  to  obtain 
steel  rails  as  good  in  average  (piality  as  the  tliirty-two  slower-wearing 
rails  in  our  series,  this  average  life  would  be  almost  twentv  vear-,  or 
an  increase  in  life  <»f  over  oO  per  cent. 

The  (piestiou  now  arises,  How  >«hall  th«'  residts  ot'  this  work  be 
utilizal?  1  think  it  is  entirely  evi<lent  that  the  direction  in  which 
eflbrt  must  tend  in  order  that  these  results  mav  be  utilized  is  toward 
securing  softer  steel.  And  just  here,  perhaps,  is  the  proper  place  to 
notice  what  seems  to  nie  a  very  important  point.  As  you  know  so  well 
this  is  our  second  investigation  upon  steel  mils.  The  first  investiga- 
tion, as  has  already  been  stated,  tlealt  principally  with  the  t^uestion  as 
to  the  relation  l.>etween  the  chemicjd  and  |»hy~icjd  pr«t|)erties  ot"  stt'cl 
rails  and  their  power  to  resist  crushing  and  t"r:icture  in  track.  The 
conclusion  reached,  as  you  remend>er,  was  that  the  softer  rails  are  less 
liable  Xo  crush  or  break  in  service  than  the  harder  ones.  Now  in  this 
second  investigjition  we  find  that  the  softer  rails  give  the  l)etter  wear. 
In  other  words,  the  softer  steel  makes  rails  which  are  not  oulv  less 
likely  to  crush  or  break  in  service,  that  is,  mils  that  insure  greater 
safety  in  the  track.  l>ut  also  the  softer  steel  makes  rails  that  giveU-tter 
wear.  Antl,iude^s  the  conclusions  upon  these  two  j)oints  c-an  Ik-  over- 
thrown l)y  an  etpial  ammint  ot"  work,  as  caretully  and  conscientiously 
done,  1  do  not  see  how  the  Pennsylvania  railroad  can,  in  the  future, 
do  otherwise  than  use  every  etfort  to  strure  softer  steel  in  its  rails. 
Whouc  No.  Vol.  CXI.— (Third  Skriks^,  \\.1.  Ixxxi.)  17 
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And  for  this  purpose  I  can  see  nothing  better  than  that  for  the  future 
the  rails  shall  be  bought  on  specifications,  and  subject  to  inspection  and 
test  before  they  are  accepted.  What  specifications,  therefore,  does  it 
seem  wise  to  propose? 

1st.  As  to  chemical  composition.  It  seems  to  me  that  it  would  be 
entirely  philosophic  to  take  as  the  specifications  for  the  chemical  com- 
position the  average  analysis  of  the  32  slower-wearing  rails  in  the  series 
we  are  .studying;  especially  as  this  analysis  confines  the  work  done  on 
the  25  sam})les  of  steel  rails  in  the  first  report  to  you  on  this  subject. 
This  average  analysis  is  as  follows : 

Carbon,  .  .  .     0'334  per  cent. 

Pho.sphorus,  .  .  0-077      " 

Silicon,  .  .  .     0-060      '' 

Manganese,  .  .  0*491       " 

But,  as  was  stated  in  that  report,  the  amount  of  phosphorus  above 
-given  is  rather  lower  than  the  manufacturers  of  steel  rails  in  this 
country  can  comfortably  work.  It  would  })erhaps,  therefore,  be  wise 
to  increase  the  amount  of  phosphorus  a  little  and  diminish  some  of  the 
other  hardeners  proportionally.  In  view  of  this  reasoning,  therefore, 
I  see  nothing  better  than  to  re-recommend  the  specifications  as  to 
vchemical  composition  in  our  first  report,  as  follows : 

Phosphorus,  not  above,         .  .     0-10  per  cent. 

Silicon,  not  above,         .  .  0'04      " 

Carbon,  between  0-25  per  cent,  and  0'35 

per  cent.,  with  an  aim  at,  .     0-30      " 

Manganese,  between  0-30  per  cent,  and 

0-40  per  cent.,  with  an  aim  at,  .  0-35      " 

Sulphur  and  copper,  .  .     No  specifications. 

2d.  As  to  physical  tests  and  inspection.  What  physical  tests  and 
inspection  .shall  the  Penn.sylvania  railroad  prescribe  for  its  rails?  The 
inspection  which  is  now  practiced  seems  abundant  to  exclude  rails 
whose  defects  are  evident  to  the  eye.  As  to  the  quality  of  the  steel 
something  further  seems  to  be  needed.  Noav,  a  physical  test  to  deter- 
mine the  quality  of  the  steel  mu.st,  in  the  first  place,  be  of  such  a 
nature  that  it  will  protect  the  consumer;  that  is,  enable  him  to  reject 
such  steel  as  is  not  fitted  for  the  purpose  for  which  it  is  designed  to  use 
the  metal.  In  the  second  place  it  must  be  practicable;  that  is,  it  must 
not  require  too  elaborate  appliances  nor  too  nmch  labor  to  make  the 
test;    and  finally,  it  must  not  be  so  severe  on  the  manufacturers  iis  to 
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cause  uniHr('Os.sary  lianlslii|>  :md  In^,-,  in  iiuuiufacturin<i:  tiie  iiictiil. 
What  physical  test  now  will  fill  these  requireinents ?  Tiie  data  which 
have  been  obtained  in  the  w<jrk  done  on  the  rails  we  have  been  stndy- 
ing  enable  ny>  to  prepare  specifications  which  will  make  it  po>sible  to 
use  anv  ont-  ot"  these  fonr  kind-  of"  tests,  viz.,  torsion  test,  tensile  test, 
shearing  test,  or  bending  test.  Thn>  wc  coidd,  and  if  so  desired  will, 
prepare  sj)Ccifications  leaving  it  oj)tioiial  with  the  steel-rail  inannlac- 
turers  which  test  shall  i»e  used.  And  I  may  be  permitted  to  sjiy  here, 
that  if  the  torsion  test  is  chosen  the  data  of  the  slower-wearing  rails 
so  strongly  confirm  the  position  taken  in  the  first  rejxjrt  to  you  on  thi> 
subject  that  1  do  not  see  how  anything  else  could  l)e  done  than  t(» 
re-recommend  the  specifications  of  the  torsion  test  in  that  report. 

But  in  looking  over  the  physical  tests  of  this  series,  1  think  it  i- 
plainly  evident  tiiat  the  shearing  tests  and  the  bending  tests  bear  a 
closer  relation  to  the  loss  of  metal  per  million  tons  than  any  of  the 
otlier  tests.  It  is  true  that  there  are  some  anomalous  cases  even  in 
these  tests;  some  cases  that  do  not  exactly  fall  into  line.  In  the  case 
of  the  bending  tests  this  may  in  [)art,  perhaps,  be  accounted  for  by  the 
fact  that  these  tests  were  made  on  samples  cut  from  tiie  web  ol'  the  rail 
instead  of  from  the  head,  where  the  wear  took  place.  Mr.  Cloud  ha> 
found  by  a  series  of  companion  tests,  made  from  samples  cut  iVcun  the 
head  and  web  of  the  same  rails,  that  the  phy.-ical  (jualities  (»f  the 
metal  in  the  head  differ  somewhat  from  that  in  the  web,  and,  a>  ha> 
just  been  said,  tlii>  may  to  a  certain  extent  ex})lain  some  of  the  ano- 
malous cases  in  the  .-cries  of  bendiny;  te.-ts.  Tiiis  closer  ajjreement, 
however,  between  wear  and  the  physical  (pialities  of  metal.-  which  are 
measured  by  shearing  and  bending,  suggests  that,  i)erhaj)s,  a  ^hearing 
or  i)ending  test  woidd  be  the  best  one  to  a[)ply.  And  here  I  woidd 
like  to  e.xpres.-  my  iu<lgement  that  the  test  suggested  by  M.  .1.  V . 
Smith,  General  Manager  of  the  Harrow  Hematite  Steel  ^^'orks,  several 
years  ago,  is,  all  things  considered,  the  best  physical  test  ever  proposed 
for  tiie  examination  of  steel  rail>.  Mr.  Smitli  proposed  that  the  fisli- 
piate  iioles  sliould  i)e  j>unche<l  l)y  a  registering  press,  and  tiiat  tlie 
quality  of  the  steel  should  l>e  judged  by  tlie  pre.><sure  re<piired  t<»  puncii 
these  holes.  Witli  the  i)roper  specifications  as  to  tiie  ujjper  and  lower 
limit  of  the  puncliing  .strain,  both  steel  tiiat  was  too  hard  and  >tee! 
tliat  was  worthless,  from  being  spoiled  in  manufacture,  could  be 
rejected.  And,  still  further,  this  punching  test  would  be  a  shearing 
strain,  and,  at  the  same  time.  W(»uKl  enable  a  judgment  to  l)e  formeil 
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of  the  quality  of  tlie  steel  in  every  rail.  A  slight  reaming  of  the  holes 
after  they  \vere  punched  would  remove  the  ring  of  metal  injuriously 
affected  by  the  punch,  and  leave  the  rails  uninjured  as  to  strength  at 
the  tish-plate  holes.  Unfortunately,  hoAvever,  with  present  appliances 
the  punching  test  seems  to  be  impracticable. 

It  would  perhaps,  therefore,  be  best  to  apply  a  bending  test, 
especial] V  if  our  analysis  of  the  strain  applied  to  the  infinitesimal  teeth 
of  the  rail  in  rolling  friction  is  a  correct  one.  It  will  be  remembered 
that  the  theoretical  considerations  of  what  takes  place  in  Avear  seems  to 
plainly  indicate  that  the  strain  applied  to  the  minute  elevations  on  the 
rail  is  a  bending  strain.  If  this  is  true,  there  could  be  no  better  test 
of  the  quality  of  steel  to  resist  Avear  than  a  bending  test. 

Now  there  are  four  ways  in  which  a  bending  test  could  be  applied. 

1st.  The  drop  test.  This  test  is  in  good  use  in  England  at  the 
present  time  to  determine  the  quality  of  steel  for  rails.  But  the 
disposition  in  this  country,  so  far  as  my  knowledge  goes,  seems  to  be 
to  regard  it  as  a  somewhat  crude  test,  and  it  is,  therefore,  being  laid 
aside  in  favor  of  more  accurate  modes  of  testing. 

2d.  A  piece  of  steel  hammered  out  from  a  crop-end  could  be  bent 
under  a  steam-hammer.  This  test  Avas  in  use  on  the  Pennsylvania 
railmad  for  some  time  to  determine  the  quality  of  the  steel,  but  its 
cruditv,  and  the  fact  that  the  metal  was  manipulated  after  it  had  been 
rolled,  and  thus  did  not  represent  the  steel  in  the  rails,  seem  to  me  very 
justlvto  have  led  to  its  abandonment. 

3d.  A  crop-end  or  piece  of  the  rail  just  as  it  Avas  rolled  may  be  bent 
in  a  testing-machine.  With  ])roper  sjiecifications  this  test  Avould 
undoubtedly  give  entirely  satisfactory  results.  With  a  j)roper  upper 
limit  as  to  the  maximum  load  required  to  bend  the  rail,  steel  that  Ayas 
too  hard  could  be  rejected,  and,  Avith  proper  specifications  as  to  the 
amount  of  deflection  the  steel  should  stand  before  rupture,  steel  that 
was  Avorthless  from  being  spoiled  in  manufacture  could  likewise  be 
rejected,  and  thus  only  good  material  be  received.  We  Avould  be  glad 
to  prepare  specifications  for  this  test  if  desired. 

4th.  A  test-piece  cut  from  the  rail  could  be  bent  in  the  testing- 
machine.  This  test  Avould  undoubtedly  likewise  give  us  entirely 
satisfactory  results.  And  for  this  test  Ave  have  the  data  already  at 
hand  from  Avhich  to  j)repare  specifications.  One  or  tAvo  things,  hoAV- 
ever,  should  be  Ixtrne  in  mind:  1st.  The  tendency  of  the  steel  rail 
manufacturers  in  this  country  at  the  }»resent  time  is  to  make  steel  much 
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iiarder  than  i>  doiralilc,  if  <»ur  loiicln^ioii.-^  as  to  the  wcariiiii  (jiialitv  <»f' 
stoel  are  correct.  This  tendency  must  ot"  course  l>e  recognized  in  j)re- 
paring  the  specifications.  An<l,  in  my  judgment,  this  tendency  will 
best  he  met  hy  assigning  an  upper  limit  to  the  maxinnun  load  in  the 
bending  test.  2d.  While  our  <lesire  is  t<»  secure  softer  steel  for  rails, 
it  must  be  remembered  that  steel  may  be  so  manipulated  in  manufacture 
as  to  render  it  very  inferior  in  (piality.  Our  speciti<-ations  must 
therefore  enal>le  us  to  reject  such  worthless  steel.  This,  in  my  judg- 
ment, will  be  successfully  accomplished  by  rerpiiring  the  test-pi«ces  to 
bend  to  a  certain  angle  before  rupture. 

I  would,  therefore,  I'ecommend  that  on  all  steel  for  rails  rei^eived  by 
the  Pennsylvania  Railroad  ('«»mpany  in  future  the  following  bending 
test  be  ])rescribed:  The  test-|)ieccs  ^hall  be  cut  from  the  web  of  the 
rail  and  shall  be  12  inche>  long,  1]  inch  wide,  and  h  inch  thick. 
These  })ieces  shall  be  tested  in  the  manner  prescribed  in  the  preceding 
part  of  this  re])ort,  and  on  all  steel  accepted  these  test-pieces  shall 
stand  a  maximum  load  of  not  over  3,000  pounds,  and  shall  bend  not 
less  than  lliO^  without  rupture. 

It  gives  me  pleasure  to  make  acknowledgments  for  services  rendered 
to  those  who  have  assisted  in  thi>  investigation.  Mr.  J.  \\'.  Cloud, 
engineer  of  tests,  has  had  charge  of  the  physical  tests  and  measure- 
ments, and  has  either  made  them  himself  or  had  them  made  under  his 
.supervision,  lie  has  also  from  time  to  time  made  suggestions  and 
<'ontribut<'d  t(t  the  development  of  the  idciis  that  have  been  worked  out 
<luring  the  investigation  in  so  many  instjmces  that  it  woidd  be  difficult 
to  enumerate  them.  Mr.  A.  O.  Dayton,  assistant  engineer  of  tests, 
made  all  the  measurements  with  the  planimeter.  and  likewise  assi.sted 
in  making  the  j)hysical  tests.  Mr.  H.  L.  Wells,  at  present  chemist  of 
the  Colorad«»  Iron  and  Coal  Company,  Pueblo,  Colorado,  did  (piite  a 
j)ortit)n  of  the  chemical  w(»rk.  The  phosphorus  and  manganese  were 
j)rinci|)ally  determined  l)y  him.  The  silicon  was  determincnl  bv  Mr. 
Wells  and  myself  working  together.  The  carbon  was  determined  by 
myself.  The  services  of  my  a.ssistant,  Mr.  Theo.  J.  Lewis,  have  been 
almost  invaluable  in  every  part  of  the  investigation.  His  patience, 
industry  and  carefid  attention  to  details  can  onlv  be  a|)preciated  by 
those  who  know  how  laborious  has  been  the  work  of  c()lle<-ting  and 
•working  out  into  its  present  form  the  information  herewith  presented. 
Very  truly  yours, 

CuARr.Ks  B.  Dudley,  i'/icmist. 
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EXPERIMENTS  ON  THE   STRENGTH  AND   STIFFNESS 
OF  SMALL  SPRUCE  BEAMS. 


By  F.  E.  Kidder,  B.C.E. 

Kead  at  tlie  American   Aeatleniy  of  Arts  and  Sciences,  by  Prof.    Chas.   R.  Cross, 

S.B.,  February  9,  ISSl. 


The  followiiitij  experiments  Avere  made  in  the  physical  laboratory  of 
the  Massac] lusetts  Institute  of  Technology,  being  a  part  of  the  fourth 
vear  work  in  the  course  in  architecture. 

The  object  (^f  the  experiments  was  to  determine  the  moduli  of 
elasticity  and  of  rupture  in  small  beams  of  white  spruce  {Abies  alba)j 
and  such  other  information  as  might  be  derived  from  the  data 
obtained. 

The  machine  used  for  the  purpose  consists  of  two  solid  wooden 
frames,  carefully  leveled  and  jdaced  40  inches  apart.  Upon  the  top 
of  each  frame  is  placed  a  movable  })late  of  iron,  which  is  carefully 
adjusted,  so  that  the  two  plates  shall  l)e  directly  opposite  each  other, 
and  exactly  40  inches  apart  i)et\veen  the  faces.  These  plates  form  the 
supports  for  the  beams. 

The  loads  were  applied  by  means  «if  a  scale-pan  suspended  from  a 
|-inch  bolt,  which  rested  upon  the  centre  of  the  beam.  By  means  of 
an  iron  strap  suspended  from  a  horizontal  beam  placed  above  the 
test  piece,  and  resting  on  t\v<j  screws,  the  bolt  from  which  the  load  was 
suspended,  could  be  raised  from  or  lowered  upon  the  test  piece  as  easily 
and  gradually  as  could  l>e  desired. 

The  deflections  of  the  beams  were  measured  by  means  of  a  micro- 
meter screw  reading  to  jo^Vo  *^^'  ^  millimetre,  or  jq-J^o^  of  an  inch.  As 
the  bolt  from  which  the  load  was  suspended  rested  on  the  centre  of  the 
beam,  it  was  necessary  to  measure  the  deflections  at  a  distance  of  one 
inch  from  the  centre,  but  the  deflections  used  in  calculating  the  values 
of  the  modulus  of  elasticity  were  corrected,  so  as  to  give  the  deflection 
at  the  centre,  supposing  the  curve  assumed  by  the  beam  to  be  the  arc 
of  a  circle,  from  which,  in  fact,  it  deviates  but  little  under  such  small 
loads.  In  reading  the  micrometer,  the  principle  of  electrical  contact 
M'as  taken  advantag^e  of. 

The  chances  for  error  in  usinc  the  machine  are  as  follows: 
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In  rnoiisuriiig  the  deHectionH  yjpjjjfy^  ot'  an  inch.  In  the  l>i-e:ikinj^ 
load,  possibly  1  pound;  but  in  the  small  loads  there  <-uidd  be  no 
appreciable  error.  In  nieasnrin<i  the  dimensions  of  the  test  jiieees 
y^j  of"  an  inch. 

The  experiments  were  conducted  with  the  utmost  care,  and  every 
possible  precaution  taken  to  |)revent  errors. 

In  Mrrangin<i;  for  the  experiment^,  and  while  makiuir  them,  the 
writer  was  {greatly  as.sisted  by  Mr.  llolnian,  of  the  Ma.s.sichu>etts 
Institute  of  Technology,  to  whom  he  extemls  hearty  thanks. 

T.M'.I.K    I. 
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1-oL' 

l,or,6,o00 

1,528,000 

10,330 

574 

3 

40 

1-469 

1-448 

l,7«Jo,(KH) 

1,732,000 

10,710 

595 

4 

40 

1-42 

1  -498 

l,73(;,0O0 

1 ,636,000 

10,830 

«i<)l 

f) 

40 

1-45 

l-48r> 

1,688,000 

1 ,578,00(^ 

11.!IS(» 

665 

<; 

40 

1  48 

1-44 

1,795,()(M> 

1,686,000 

ll,ti4o 

•  il3 

7 

40 

1  -MU 

l-4r. 

1,(;82,00() 

1,561,000 

I0,57o 

5s  7 

« 

40 

M-J 

1-l.s 

1,647,000 

1,556,0(H) 

11,-Jso 

<;-26 

9 

10 

40 
40 

1-441 

1-4(5 
1-4(1 

l,704,O(M) 
l.()l(i.000 

1,638,000 
1.550.000 

11. ISO 

I2,44o 

•;2i 

<i!»l 

Average  value  of  7s,  l,(i!i2,ooo  Ib^. ;  of  L\,  1.6l2,<tO(i  Ib^. 
'-    R,        12.170  lb...  <.f  .1,  6-20  lb<. 

Weight  of  cubic  foot,  25"7  lbs. 

The  pieces  of  wochI  experimented  on  were  .sjiwn  from  a  spruce  plank 
that  had  been  cut  in  Kiistern  Maine  in  the  spring  (►f  ISSO.  and  the 
following  summer  shipped  to  Boston,  where  it  had  lain  in  the  opru  air 
until  it  wiL<  cut  up  in  October.  The  pieces  were  ftU'efuUy  plamnl  to 
an  approximate  size  of  Ih  inches  stpiare,  and  4  feet  long. 

riuy  were  nearly  all  straight  grained,  and  had  but  few  det"e<t~,  ami 
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ill  testing  the  beams  they  were  placed  so  that  the  defects  should  have 
the  least  possible  effect  upon  the  strength  of  the  beams. 

The  exact  dimensions  of  the  test  pieces  are  given  in  Table  I. 

In  making  the  experiments,  each  beam  was  first  subjected  to  a  load 
of  30  pounds  and  the  deflection  noted.  The  weight  was  then  left  on 
the  beam  for  a  period  of  time  varying  from  1  to  4  hours,  and  in  one 
case  44  hours,  and  the  deflection  again  noted.  The  load  Avas  then 
removed  from  the  beam,  and  the  set  noted,  after  which  the  beam  was 
allowed  a  certain  time  to  recover  from  the  set. 

After  the  piece  had  returned,  or  at  least  nearly  returned,  to  its 
original  position,  it  was  subjected  to  a  load  of  40  pounds  in  the  same 
manner. 

Tai)le  II  gives  the  deflections  of  each  piece  under  the  loads  of  30 
and  40  pounds,  both  immediately  after  the  weight  was  applied,  and 
after  it  had  rested  upon  the  beam  the  length  of  time  designated. 

The  value  of  the  modulus  of  elasticity,  calculated  from  these 
deflections,  is  also  given. 

Modulii  of  ela.sticity,  obtained  from  the  deflection  of  the  beams 
immediately  after  the  weight  Avas  applied,  have  been  denoted  by  E, 
and  those  obtained  from  the  deflection  of  the  pieces,  after  the  weight 
had  been  applied  one  or  more  hours,  by  E^. 

Table  I  gives  the  values  of  ^  and  £*,,  for  each  piece,  obtained  by 
taking  the  average  of  the  values  given  in  Table  II. 

The  values  of  E  were  computed  by  the  formula  E  = ,  in 

^  •  4JBD' 

which  W  denotes  the  weight  in  pounds  producing  the  deflection  ;    / 

the  clear  span  in  inches;    J  the  deflection  of  the  beam  at  the  centre; 

B  the  breadth  of  the  beam,  and  D  the  depth,  both  in  inches. 

After  all  the  beams  had  been  tested  in  this  way,  piece  No.  3  was 
again  put  in  the  machine  and  subjected  to  a  load  of  100  ])0unds,  which 
was  allowed  to  remain  upon  the  beam  for  about  two  hours,  the  deflec- 
tion being  measured  directly  after  the  weight  was  applied,  and  just 
before  it  was  removed.  The  beam  was  then  allowed  a  certain  time  to 
recover  its  set.  In  two  cases  the  beams,  after  having  been  subjected 
to  a  load  of  100  pounds,  finally  returned  to  their  original  position, 
and  it  appeared  probable  that  all  would  have  done  so  had  sufficient 
time  been  allowed  for  the  purpose. 

After  the  piece  had  nearly  recovered  from  the  effects  of  the  load  of 
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100  j)()un<l.s,  a  load  of  15(J  |>uuim1->  wa-  |»ut  mm  tin'  l)('aMi,aml  irrailiially 
increased  luitil  the  hreakiiitj::  |)(iiiit  was  iva«li*'<|. 

The  reniainiii<:;  pieces  were  tested  with  a  h>ad  of  100  |)oiiii(U  in  the 
same  wav,  and  then  snhjected  to  a  h>ad  of  40n  ponnds  for  one  or  two 
nn'nutes,  for  the  pnrpose  of  .ijettin^-  the  deHection  under  that  load,  and 
immediately  after  subjected  tn  the  full  load  of  ">n(J  pound-,  which  was 
<rraduallv  increased  until  the  picfc  hroke.  A->  the  load  appioached  the 
hreakint^  weight,  it  was  increased  hy  the  addition  of  only  one  or  two 
pounds  at  a  time,  si»  that  the  breaking  weight  could  he  obtained  with 
sufficient  accuracy.  Jn  fact,  the  breaking  weight  is  so  mueh  mo<lified 
by  the  time  occupied  in  i)reaking  the  l)eam  that  it  is  ditticult  to  ascer- 
tiiin  exactlv  wiiat  it  really  i-.  For  any  load,  over  three-foin-ths  of 
what  is  called  the  breaking  weight,  would  probably  break  the  beam 
if  applied  for  a  surtieient  length  of  time. 

Tal)le  I   gives  the  values  of  the  modulus  of  rupture  of  each    piece, 
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computcnl  bv  the  formula    //  =:  4 ''i  which  I\  denotes  the  niodu- 

'  •  -  BD- 

lusof  rupture;    If 'the  breaking  weight  ot"  the  beam,  and  the  other  letters 

have  the  same  signiticance  as  in  the  formtda  for  E.     The  load  which 

wouM  break  a  beaut  ot"  the  same  wood,  one  inch  >^(piare,  and   one  foot 

between   su[)ports,  if  a|)plie<l  at   the  centre,  is  also  given    in  the  -.ame 

tiible.      'IMiis  loatl  is  ,'^  of  the  modidus  of  ruptiue. 

When  the  weight  of  400  |>oun<U  wa>  a|)plied  to  |»iece  No.  7,  it 
imme<liatelv  cracked  at  a  gnarl  in  one  of  the  lower  edges,  about  thn-e- 
fourths  of  an  inch  from  the  centre  of  the  beam.  As  it  was  thought  that 
the  beam  woidd  soon  break  entirely,  the  loa<l  (»f  400  pounds  was 
allowed  to  I'cmain  on  the  i)eam;  l>ut  at  tin'  en<l  of  1<>()  houi>^  the 
«letl('ction  had  only  increased  0-2224  inch,  and,  as  it  wa>  evident  that 
it  would  at  that  rate  take  a  lon<r  time  for  the  beam  to  break,  the  load 
was  then  Liraduailv  iiiciva>e»l  until  the  |>iecf  l)roke  at  5~)0  pounds, 
givinu'  a  modulus  ot"  ru|)ture  con-iderablv  above  the  average.  It  was 
notici'd  in  this  beam  that  the  deflections  under  loads  above  .3"l>  pounds 
were  considerably  greater  than  in  the  other  beams  under  the  -vinie 
loads. 

PitH'e  No.  5  gave  a  very  high  breaking  weight,  and  broke  very  siul- 
denly,  more  like  the  hanler  kinds  of  wotnl.  The  fracture  was  very 
peit'ect ;  the  upper  half  of  the  fibres  being  very  evidently  compressi-ii, 
and  the  lower  half  suddenly  ))ulled  apart,  with  alinost  no  splintering. 
This  j)iece  iiad  a  small  knot  on  theup|»er  -ide,  o  inches  from  the  centre 
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of  the  beam,  but  it  appeared  to  liave  no  effect  upon  the  strength  of  the 

l)eam. 

Table  II. 


1 

■J  — 

5s 

~ 

5 
1  ^ 

E 

E 

Lbs. 

jr.  M. 

I  ns. 

Lbs 

Lbs.  H.  M. 

Ins. 

Lbs. 

1 

30 

(1  (Ml 

0-0610 

1,744,000 

40  0  00 

0-0826 

1,719,000 

1 

30 

2  2rj 

•0630 

1,689,000 

40  3  30 

•0873 

1,627,000 

2 

30 

0  11(1 

•0616 

1,536,000 

40  0  00 

•0801 

1,576,000 

2 

30 

1  40 

•0639 

1,481,000 

40  3  00 

•0842 

1,499,000 

3 

30 

0  (10 

•0606 

1,774,000 

40  !  0  00 

•0815 

1,757,000 

3 

30 

1  0(1 

•0610 

1,759,000 

40  1  00 

•0840 

1,705,000 

4 

30 

0  00 

•0582 

1,725,000 

40  :  0  00 

•0765 

1,748,000 

4 

30 

2  25 

•0616 

1,627,000 

40  3  20 

•0813 

1,645,000 

5 

30 

0  00 

•0580 

1,740,000 

40  0  00 

•0774 

1,637,000 

5 

30 

2  30 

•0618 

1,630,000 

40  44  15 

•0874 

1,527,000 

6 

30 

0  00 

•0605 

1,792,000 

40  0  00 

•0862 

1,676,000 

6 

30 

3  00 

•0639 

1,697,000 

40  5  12 

•0803 

1,799,000 

7 

30 

0  00 

•0624 

1,683,000 

40  0  00 

•0833  ' 

1,682,000 

7 

30 

3  00 

•0663 

1,584,000 

40  16  00 

•0911 

1,538,000 

8 

30 

0  00 

•0632 

1,645,000 

40  0  00 

•0839 

j 

1,650,000 

8 

30  ! 

4-15 

•0666 

1,561,000 

40  16  30 

•0894 

1,552,000 

9 

30 

0  00 

•0619 

1,701,000 

40  0  00 

•0823 

1,707,000 

9 

30 

1  30 

•0643 

1 ,638,000 

! 

10 

30 

0  00 

•0661 

1,614,000 

40  0  00 

-0881 

1,618,000 

10 

30 

2  00 

•0691 

1,544,000 

40  1  15 

•0915  1 

1,556,000 

Piece  No.  4  broke  in  a  rather  pecnliar  manner.  While  under  a  load 
of  575  pounds  the  lower  fibres,  for  about  a  depth  of  one-tenth  of  an 
inch,  snapped  apart,  and  the  beam  gradually  settled  down  until  the 
next  layer  of  fibres  had  apparently  tJie  same  deflection  as  had  the  lower 
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oiH'S  at  the  time  ot"  Ureakinji;,  wIkmi  tlicy  also  >iia|»j>e(|,  makiii^f  a  laver 
of'ahotit  the  same  thickness.  In  this  way  the  wlioh-  hiwer  halt\>t'  the 
hearn  seemed  to  divide  itself"  into  layers  of  ahont  one-tenth  of  an  inrjj 
thick,  and  to  break  separately,  un<ler  al)ont  the  siune  <leHection,so  that 
the  beam  was  a  lonjj^  time  in  breaking. 

Observing  that  under  every  load  that  had  been  applied  the  detie*'- 
tion  ke])t  increasing  with  tlie  length  of  time  the  weight  remained  on 
the  beam,  piece  No.  7  was  subjectr-d  to  a  l(»ad  of  'lib  lbs.  for  Jis  hours, 
during  which  time  the  deflection  increased  0*079  in.  The  weight  was 
then  taken  otV,  and  the  beam  allowed  to  recover  for  'lA  hours,  when  it 
had  a  set  of  •()44<J  in.  The  same  weight  was  again  applied,  and  it 
was  found  that  tiie  deflection,  obtained  by  taking  the  difleren<*e  between 
the  readings  just  before  and  after  the  weight  was  applied,  was  less  than 
it  was  the  fii*st  time  that  tln'  weight  was  applie<l,  and  the  rate  of 
increase  of  the  deflecti<»n  was  about  the  sjuue  as  before.  The  b«am 
was  thus  subjected  ttt  a  load  oi"  '1~'\  \\\<.  for  ■"KHi  hours  in  all,  and  it 
was  then  broken  in  the  siime  manner  as  the  others.  It  was  e.\pe«-te<l 
that  the  ert'e<'t  of  such  a  severe  strain  on  the  beam  for  so  long  a  time 
would  diminish  the  strength;  but,  on  the  contrary,  it  aj»pean'd  to 
increase  it,  as  the  beam  gave  a  higher  modulus  of  rupture  than  anv  of 
the  others,  although  it  did  not  a|>pear  to  be  of  as  good  (piality  as  many 
of  them.  The  ultimate  deflection  of  this  beam  gnatlv  exceednl  anv 
of  the  others. 

Table  III  shows  the  deflection  of  each  beam  undir  loads  ot"  -I",  M\ 
loo,  400,  "(00  and  ooO  lbs.  immcdiateiy  after  the  load  was  apj)Iied  and 
at  a  distance  of  one  inch  tVotn  the  centre.  The  italiv  fif/iirrs  luidcr 
each  deflection  show  what  it  would  be  if  Hooke's  law  held  true,  taking 
the  deflecti(»n  under  .'JO  lbs.  as  the  starting  point. 

From  these  e.xiKriments  I  think  we  may  dniw  tiie  following  con- 
clusions: 

That  the  modulus  «»f  elasticity  depends  not  oidv  upon  the  elasticity 
of  the  material,  but  al'^o  upon  the  h'Uirth  of  time  that  the  load  is 
applied. 

That  when  snbjectrd  to  loads  not  exceeding  one-sixth  of"  the  break- 
ing weight  spruce  beams  do  not  take  a  permanent  set. 

'I'hat  even  under  very  small  loads,  if  applie<l  for  any  length  of  time, 
there  will  be  a  temponiry  set. 

That    knots  and    guarls    in    beams   loade<l   at   the  centre,  when  not 
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within   one-eighth   of   the  span   of    the  centre  of   the  beam,  do  not 
materially  affect  the  elasticity  nnder  small  loads. 

Table  III. 


"&1 

Deflections  in  Inches 

,    UNDER 

i  .S 

oi   5    to 

bi.'^ 

c 

30  lbs. 

40  lbs. 

100  lbs. 

400  ll)s. 

.500  lbs. 

550  lbs. 

^    0) 

^ 

^ 

« 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Lbs. 

1 

0-0610 

0^0826 

0-2071 

0-8303 

1-0906 

1-2791 

1-5646 

588 

'0610 
•0616 

■osis 

•0801 

'20S0 
•2043 

'8120 
•8177 

1-0150 
1-0677 

1-1165 
1-2811 

2 

1-3941 

575 

'0616 
•0606 

'0X20 
•0815 

'2050 
•2023 

'8200 
•8976 

1^2764 

1-1275 
1-48* 

3 

1-48* 

550 

'0606 
•0582 

'0S08 
•0765 

'2020 
•1929 

'8080 
•7929  ■ 

1-0100 
1-1146 

1.1111 
1-3197 

4 

1-4658 

575 

•ft5<»?.^^ 
•0580 

•^>'/r6' 

•0774 

'19Jf,0 
•2004 

■7760 
•7876 

■9700 
1-0170 

1-0670 
1-1827 

5 

1-5788 

637 

•ft5cy^ 

•0605 
'060f> 
•0624 
'062 Jr, 

•r///%? 
•0803 
■nH06 
■0833 
•^6'5,? 

'19S3 
•2138 
'2016 
•2083 

.2080 

•7'/7/^l^ 

-9665 
1-2520 
1-0080 
1-3595 
l.OAOO 

1-0631 
1-4662 
1-1088 

6 

565 

•8961 

,8320 

7 

550 

8 

•0632 

•0839 

•2102 

•8315 

1-1111 

1.3331 

1-5709 

585 

•0619 

'  'OSI^'i 
•0823 

'2106 
•2083 

•84SU 

1-0530 
1-0800 

1-1583 
1-2830 

9 

1-4254 

580 

•/'>'67,9 
•0661 

•^<y.^ 

•0884 

'206S 
•2220 

1-0315 
1.1772 

1-134.6 
1-3775 

10 

•9276 

1-81* 

637 

•6'6'67  , 

'0S81 

'2203 

'8812 

1'1015 

1'2116 

That  the  deflection  is  very  nearly  proportional  to  the  load,  far 
beyond  the  customary  limits  of  strain,  and  that  the  modulus  is  conse- 
quently very  nearly  constant  for  all  moderate  deflections. 

*  Approximately. 
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That  a  lii^ili  iikmIiiIii.-^  of  cla-tifity  <l<ii-s  imt  always  arcoiii)>aiiy  liii^li 
Iraiisverse  strength.  For,  as  -hown  l>y  TaliN-  I,  jii<c».'  No.  ](»,  wliirli 
had  the  greatest  transverse  sticngth.  gav*-  n«'Xt  to  the  lowest  valiH*  ot"  K. 

That  in  sprnre  Ix-anis  tin-  u|>|M'r  til)res  (•(.inrnence  to  rupture  l)y 
coinpreKsion  iindfi-  ahoiit  tour  Httli-  of  the  i»real<ing  weight,  ami  thf 
neutral  axis,  at  the  time  of  ruptnie,  j-  very  mar  the  centre  ot"  the  Ix-ain, 
as  shown  hy  the  fracture. 

That  beams  which  are  snl»jecte(|  to  severe  -trains,  tor  a  long  time, 
hend  more  befon;  breaking  than  ih"-.-  whieh  are  broken  in  a  compara- 
tiv<'ly  short  tinu-. 

'I'hat  the  ino<lulns  of  elasticity  "f  -mall  -prnce  beams,  ot"  a  <|nality 
such  as  is  used  in  the  best  building-,  may  l)e  taken  at  troni  1  ,(in(i,(K)(> 
to  1,7()0,()00  lbs.,  and  the  nKMluhi^  of  rupture  at  ll,()()n  lb-. 

The  only  other  experiment-  on  American  spruce  with  which  the 
writer  is  familiar  are  those  niatle  by  Mr.  HatHeld,  on  small  beams, 
l(!  feet  between  sup|»orts,  and  -ome  experiments  by  Mr.  Thomas 
Laslett,  of  England,  on  pieces  ot"  <  anada  -prucc,  i^  incln-  -ijiiare  and 
72  inches  between  supports. 

Mr.  Hatfield  gives  as  tlie  average  value  ot"  the  transverse  strength 
of  a  unit  beam  (112  lbs.,*  which  woidd  Liivc  11,01(5  lbs.  tor  the  mod- 
idus  of"  rupture. 

l''iom  data  given  by  Laslett  t  ^ve  oiitain  a-  the  value  of"  /,',  9n4-">  lb-. 

Tiie  value  genendly  given  I'or  the  modulus  of"  elasticity  ot"  -pruce  is 
l,(;()(),000lbs. 

Length  of  the  Second's  Pendulum.  C.  S.  Peirce  has  re-exa- 
mined the  estimates  of  the  length  ot'  the  -ec<inds'  pendulum  at  Pari^^, 
by  liorda,  I)iot  and  Kater.  He  finds  that  if  allowance  is  made  for 
the  inertia  of"  the  air  \\hi<-h  is  dragged  by  the  friction  ot"  the  pen<bdum, 
the  i'stimated  length  shoidd  be  increa-ed  about  j^„  of  1  per  i-ent. 
He  theref"ore  regartls  tlietrue  length  a>  ;»J»:J-!».'i4  millimetres  (3Ji-l.)2  in.) 
I'aye  compliments  Peirce 's  investigation  very  higidy,  and  he  eongni- 
tulafes  the  l^'rench  Ae;ulemy  upon  the  great  ao-nniey  of  tiie  previous 
experiments,  which  were  conihicted  largely  under  its  au-pice>,  when 
the  facilities  f"or  miiuite  measurements  were  not  so  great  as  tiny  are 
now.  —  Compies  Rtndatt.  ( '. 

*  HatCu-M's  "  Transvorsf  Stiains,"  Table  XLII. 

t "  Timlier  and  Timlier  Tret's,  Native  ajid  FonML'ii,"  I'V  rimnia-  I.:i-'' "  Ir,~i.it.  r 
to  tlie  Adiiiirallx.      I.oiulon,  lS7o. 
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EXPERIMENTS  made  by  :\Ir.  SCHEURER-KE8TNER  with 

THE  Ka:RTIXG  APPARATUS  for  the  INSUFFLATION 

OF  AIR  BY  MEANS  of  a  STEAM-JET. 


Translated  *  from  the  Bulletin  of  tlie  Industrial  Society  of  Mulhouse  for  the  year 

1878,  page  ()74,  by 

^  Chief-Engineer  Isherwood,  U.  S.  Navy. 


The  construction  of  Mr.  Krertinof's  apparatus  is  based  on  the  prin- 
ciples employed  in  the  Giffard  injector  and  similar  contrivances,  with 
the  single  difference  that  in  the  latter  a  gas  or  vapor  and  a  liquid  are 
the  reacting  substances,  while  in  the  former  they  are  gases  or  vapors. 
The  Kcerting  apparatus  is  used  in  various  industries  either  for  drawing 
in  ga.-^es  and  then  discharging  them  against  pressure,  or  for  mingling 
them  with  liquids;  we  have  used  it  during  two  years  in  the  factory  of 
Thann  for  various  purpo.ses. 

The  necessity  under  which  I  found  myself  of  knowing  exactly 
the  economic  performance  of  this  apparatus,  that  is  to  .say,  the 
effect  produced  and  the  expenditure  of  steam  to  produce  it,  cau,sed  me 
to  make  .some  experiments  whose  results  seem  worthy  the  attention  of 
mv  colleasrues  of  the  Industrial  Societv. 


The  Kcerting  apparatus  (.-^ee  sketch)  is  composed,  abstractly,  of  a 
hollow  right  cone,  from  which  frustra  at  intervals  had  been  removed, 
and  the  remaining  frustra,  with  heights  i)roportional  to  their  diameters, 
telesco])ed  together  in  such  manner  that  each  is  partly  inserted  into 
the  next  largest,  an  annular  space  being  left  between.     This  .system  is 

*  Some  additions  have  been  made  to  the  autlior's  description  of  the  apparatus,  and 

his  calculations  have  been  corrected  for  a  known  error.  Translator. 
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nlaced  (•(Uicentrically  Nvitliiii  ;iii  (»j)(.'ii-('Ii(1<mI  (vrMidtr.  lli^li  i>i» — mw 
steam  1)V  means  of  a  small  j>i[)(.'  is  delivereil  at  laif^e  into  iIm*  Mualiest 
end  of  the  smallest  frnstriim,  traversinjr  in  suf-et'ssion  tlie  su«'<-<'<*<liMi; 
frnstra,  thereby  drawinjr  in  throMt;h  the  annular  spaco  .M.-paratiiiu, 
them  the  gas  or  air  l)etween  tlnin  and  th»'ir  <'iivtlo|)inL:  evlinder,  the 
inix<'d  steam  an<l  air  l«'in«;  Hnally  disrhar^^ed  fnun  the  l)a>e  of  th«- 
largest  frnstrum. 

Mv  experiments  were  made  on  a  Xo.  '2  Ko-rtinii  ai»j>aratn-.  The 
steam  expendwl  \vtL->  as<jertiiined  hy  measuring  dire<tly  the  water 
vaporized  in  the  boiler  exclusively  employed  for  fnrni-hing  it,  and  in 
which  the  water  level  and  steam  pressure  were  maintaine*!  strictly 
constant.  The  air  drawn  in  was  meiLsured  by  an  ant-inonictcr,  tin- 
instrument  I  had  usod  for  several  vears  to  mi-asiirc  tin*  air  drawn  in 
l)y  coal  burning  and  by  sulphur  i'urnaees.  F<)r  thi>  purpo-c  a  tube  of 
0"()5G18  foot  dianiet<.'r  and  .'3*28U9  feet  length  wa-  placed  at  the  re<civ- 
ing  end  of  the  cylindric.d  envclo|M'  into  which  oin-half  the  length  of 
the  tube  was  inserted. 

To  verify,  at  least  approximately,  the  j»erforinanee  of  the  apparatu-< 
1  made  some  j)reliminary  trial-,  in  which  I  conipaicd  the  relative 
v(,'l»»citv  ot  the  blades  of  the  anemometer  corresponding  to  observed 
variations  of  (le|»ression  in  the  cylindrical  envelope.  The  volunje  of 
air  Mowing  through  tin*  latter,  calculated  from  the  nund)er  ol'  revolu- 
tions made  by  the  blades  of  the  anemometer  in  a  unit  of  time,  au;reiMl 
almost  exactly  with  what  couUI  be  deihui'd  from  the  «litlerence>  ot' 
<li'pressions.  The  proper  coetlicient  Ibr  the  instrument  Iwing  thus 
ascertained,  I  emj)loye<l  it  in  the  following  experiments. 

The  anemometer,  nuule  by  Mr.  Neumann  of  Paris,  wa->  numberc<l 
220,  and  the  formula  for  calculating  the  voliujie   I'of  air  i- 

]'=  O-5i»0o()2  foot  -j   U-5675957  foot  X  n, 
)i  indicating  the  nund)er  of  revolutions  made  pt-r  second  bv  the  blades 
of  the  instrument. 

The  tlrawn  in  gas  was  discharged  undei-  a  cobnun  ot"  watei-  7H-^ 
inches  high  into  a  wo(»den  tank  of"  4.'Ji|  inche-  diameter. 

Steam  pressure  in  the  boiler,  57  pounds  per  sipiaie  inch  al»ove  the 
atmos|tlu'rc. 

Weight  ot"  wat»T  va|)orized,  "hTmJS.SJ  pound-. 

Duration  of  the  experiment,  81  mimites. 

Depression,  r'JG855  inches  of  water. 
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Temperature  of  the  gaseous  mixture  (air  and  steam),  185°  to  186'8° 
Fahrenheit. 

Temperature  of  tlie  air,  77'  Fahrenlieit. 

The  temperature  of  the  liquid  did  not  exceed  186*6°  Fahrenlieit. 
The  weight  of  steam  condensed,  determined  from  tlie  increased  volume 
of  the  water,  was  224*8714  pounds:  that  is  to  say,  about  two-thirds 
of  tiie  steam  were  disengaged  from  the  liquid,  together  with  the  over- 
plus of  air. 

During  the  above  time  the  axis  of  the  blades  of  the  anemometer 
made  98,561  revolutions,  or  19*25123  per  second. 

Applying  the  foregoing  formula,  we  find  the  velocity  of  the  air  in 

the  adjutage  to  be  V  =  ()-590562  +  0*5675957  X  19*25123  = 
11*517477  feet  per  second.  As  the  experiment  lasted  81  minutes,  the 
length  of  the  gaseous  cylinder  drawn  in  was 

(81  minutes  X  60  seconds  X  11*517477  feet  =)  55974*9382  feet, 
the  diameter  of  the  adjutage   being  0*65618   foot,  the  corresponding 
area  to  which  is  0*3402212  square  foot,  the  gaseous  volume  drawn  in 
was  19043*8606  cubic  feet. 

Summing  up  the  preceding,  we  have  obtained  against  a  resistance 
of  78|  inches  of  water  a  gaseous  volume  of  19043*8606  cubic  feet  by 
an  expenditure  of  707*6834  pounds  of  steam,  of  which  224*8714 
pounds  were  condensed. 

As  one  pound  weight  of  steam  of  the  temperature  of  186°  Fahren- 
lieit under  the  standard  atmospheric  pressure  occupies  24*9877  cubic 
feet,  we  have  for  the  centessimal  composition  of  the  volume  of  mixed 
air  and  steam  discharged  from  the  Koerting  apparatus 

Air,  .....  51*852 
Steam,       .  .  .  .  48*148* 


100*000 

The  greater  the  pressure  of  the  boiler  steam  employed  the  less  will 

*  The  weight  of  a  cubic  foot  of  air  at  the  temperature  of  77°  Fahrenheit,  under  the 
standard  atniosplieric  pressure,  being  00739359  pound,  the  weight  of  tlie  air  entrained 
by  the  707-683-4  pounds  of  steam  was  1408*0250  pounds,  from  wliich  we  find  that  tlie 
gaseous  mass  of  mingled  air  and  steam  discharged  from  the  Koerting  apparatus  con- 
sisted by  weight  centessimally  of 

Air,  ....  66-55 

Steam,   ....  33.45 


10000       Translator. 
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l)e  its  expenditure  in  tlie  K<i'rtin<;-  a]i[>:iratus;  in  otiier  words,  tlic  more 
the  steam  is  expanded  and  its  density  decreased,  tlie  more  will  it* 
useful  effect  he  increa'^ed.  This  is  what  theory  predicts  and  practi(v 
confirms.  In  another  experiment,  where  the  steam  pressure  was  main- 
tained in  the  boiler  at  71  i)ounds  per  square  inch  above  the  atmosphere, 
instead  of"  o7  jtounds,  the  wei^JJt  of"  steam  ex])endal  for  the  same 
volume  of  air  drawn  in  fell  from  524"21  |)ounds  to44.j;i.'>  pounds  \Kr 
hour,  a  gain  of  17'71.'>  per  centum  in  favor  of  the  hi^jher  pressing. 

When  the  cinrcnt  of  mixed  air  and  steam  is  tlischarged  at  large  int<^» 
the  open  atmospliere,  and  has  no  ])ressure  to  overcome,  the  weight  of 
steam  necessary  to  produce  a  given  air  entrainment  diminishes  in  a 
very  high  ratio.  A  gaseous  nnxture  of  air  and  steam  can  then  \>e 
obtainetl  whose  temperature  will  not  exceed  that  of  the  atiiKtsphere 
more  than  from  18°  to  22°  Fahrenheit. 

'i'hc  following  experiment  was  made  with  another  Kterting  apparatus 
not  working  against  pressure,  the  gaseous  mixture  being  diseharged  at 
large  into  the  open  air. 

Steam  pressui'e  in  the  lioiler.  71  pounds  per  s(pi;ii-e  iiicli  .iI.um-  tlie 
atmosphere. 

Weight  of  water  vapori/ed,  11()2'810<)  pounds. 

Duration  of  the  experiment,  7  hours. 

Temperature  of  the  gaseous  mixture  (air  and  steam),  88°  Fahrenheit. 

Temperature  of  the  atmosphere,  72°  Fahrenheit, 

The  nund)er  of  revolutiors  made  by  the  axis  of  the  blades  of  the 
anemometer  was  12  j)er  second. 

I'z=  0-5905fJ2  -I-  tK5675957  X  12  =  7-4017104  feet  per  second. 

The  velocity  of  the  entrained  air  being  7"40l7104  feet  }H.'r  second, 
and   the  duration  of  the  experiment   420   miinites,  the   length  of  the 
gaseous  cylinder  drawn  in  is 
(420  minutes  >.  (10  seconds    ■    7-4017104  feet  =)  18(]523-1021   levt. 

The  cross  area  of  the  adjutage  being  T35o2253  square  feet,  the 
total  volume  of  air  drawn  in  is 

18()523-1221   X  1 -3052253  =  252780.8270  cid)ic  feet. 

During  the  sjuue  time  the  weight  of  steani  ex|K'ndeil  was  1102*310(> 
pounds,  representing  in  volume  (2T0050  cubic  feet  per  juiumf) 
231')o()2(j2  cubic  feet.  The  di.-eharged  giiseous  mixture  is  then  c«im- 
po.sed  of  252780-8270  cubie  teet  of  air  and  of  23155-02(J2  cubic  feet 
of  steam,  or  by  v(»hnne  centesimally : 
WuoLK  No.  Vol.  CXI.— (Third  Seuiks,  Vol.  l.xxxi.)  18 
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Air,  ....  91-6086 

Steam,     ....  8-3914* 

100-0000 
These  experiments  sliow  the  extent  to  which  tlie  expenditure  of 
steam  can  be  reduced;  and  it  is  evident  that  by  operating  under  other 
conditions,  that  is  to  say,  with  a  greater  expansion  of  the  steam,  the 
expenditure  can  be  still  more  considerably  reduced. 


Novel  Volcanic  Phenomenon.  —  Within  the  space  of  ten 
months  Mt.  Etna   had   five   abundant   eruptions  of  smoke  and   sand, 
■without  any  subsequent  flow  of  lava.     In  one  instance,  after  profound 
subterranean    rumblings    and    numerous    earthquake    shocks,    there 
appeared  on  the  eastern  side  of  the  mountain  a  great  cloud  of  vapors 
and  ashes,  which  escaped  by  a  crevice  nearly  three  miles  long.     The 
snows  melted  suddenly  around   the  summit  of  the  mountain,  jets  of 
hot  vapor  escaped  at  many  places,  and  the  small  muddy  craters  of  the 
western  declivity  became  very  active,  as  is  usually  the  case  on   the 
approach  of  a  great  eruption.     But  to  the  surprise  of  all  observers, 
within  thirty-six  hours  afterwards  the  volcano  had  returned  to  a  state 
of  perfect  calm.     Such  a  phenomenon  has  never  before  occurred  with- 
in the  memory  of  man.     Vicenzo  Tedeschi  di  Ercole  attributes  it  to 
the  existence  of  an  immense  opening,  which  appeared  upon  the  moun- 
tain at  the  time  of  the  eruption  of  May  26th,  1879.     He  concludes 
that  a  very  strong  pressure  is  required  for  the  formation  of  lava,  and 
that  a  great  tension  of  gas  is  indisjiensable  in  order  to  raise  the  lava 
to  the  surface  of  a  mountain.     It  appears  probable,  therefore,  that 
there  will  be  no  reason  to  fear  any  further  eruption  in  the  cone  of 
Etna  as  long  as  the  present  crevice  is  open. — Ann.  de  Chim.  et  de 
Phys.  C. 

*  The  weight  of  a  cubic  foot  of  air  at  tJie  temperature  of  72°  Fahrenheit,  under  the 
standard  atmospheric  pressure,  being  0"07-l6120  pound,  llie  weight  of  air  entrained  bv 
the  1102'3106  pounds  of  steam  was  18860'4831  pounds,  from  w^hich  we  lind  that  the 
gaseous  mass  of  mingled  air  and  steam  discharged  from  the  Kcerting  apparatus  con- 
sisted by  weight  centesimally  of 

Air,  ....  94-48 

Steam,  .  .  .  -5  52 
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OBSERVATIONS  ON  THE  WATER  SUPPLY  OF  PHILA- 
DELPHIA. 


By  Reuben  Haines. 


It  is  well  kiKJwii  tliat  adverse  criticism  has  of  late  years  frequently 
boen  made  on  tlie  character  of  tlie  water  supply  of  Philadelpiiia,  both 
by  residents  and  by  visitors  from  other  cities.  To  residents  of  Phila- 
delphia it  has  not  been  satisfactory  for  a  number  of  yeiirs  for  several 
reasons,  such  as  shortness  of  supply  during  long  summer  droughts  and 
consequent  risk  in  ctuse  of  fire;  secondly,  the  frequent  mud<liness  of 
the  water  so  as  to  render  it  at  times  quite  unfit  for  household  use  with- 
out domestic  filtration,  entailing  some  additional  ex})ense  and  trt)ul)le, 
which  in<luces  jiiany  to  use  well  water  in  preference;  and  thirdly, 
well-grounded  fears  that  the  Schuylkill  and  Delaware  river  waters 
are,  year  by  year,  increasingly  assuming  a  character  which  will  eventu- 
ally prove  dangerously  unAvholcsome,  by  reason  of  contamination  with 
human  sewage  and  factory  refuse.  It  is  admitted  that  a  large  amount 
of  sewage  {)asscs  into  the  Schuylkill  above  the  several  water-works,  a 
fact  capable  of  ocular  dem(»iistiation  ;  but  it  cannot  be  j)rovcd  that  anv 
disease  arises  at  present  from  that  source,  and  the  low  death-iate  of 
Philadcliihia  to  a  certain  extent  shows  that  its  health  is  not  materiallv 
atfected  by  a  contaminated  water  supply,  es}>ecially  when  we  njusider 
the  fact  that  many  of  the  <leaths  are  Ciiused  by  blooil-poisouing  l)v 
sewer  air  through  defective  plumbing.  Many  people  rely  on  the 
theory  that  most  of  the  organic  matter  of  sewage  is  destroyed  during 
the  fiow  of  a  few  miles  in  the  river,  and  since  the  Schuylkill  water 
has  never  appeared  to  he  unwholesome,  they  are  naturally  reluctant  to 
approve  of  the  ex[)euse  of  any  change  in  the  source  of  siq)[)lv  du  this 
accoimt. 

J>ut  will  this  present  wliolesomeness  continue?  Is  it  true  that 
the  sewage  of  the  Schuylkill  is  actually  destroyed  during  the  river- 
flow;  and  if  so,  to  what  extent  does  this  destruction  by  oxidation  and 
other  means  take  place?  Assuming  that  this  oxidation  mav  occur, 
may  not  a  something  causing  infectious  disease  be  liable  to  accom[)anv 
this  sewagt',  which  will  resist  all  destructive  infiuences;  and  tlii-rcfore, 
may  not  the  mere  fact  of  sewage  coutiunination  be  a  danger  signal  for 
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the  future  ?  Tliese  are  questions  of  vital  public  interest ;  yet  no  effort 
has  been  made  by  Philadelphia  for  a  practical  solution  of  them,  as 
regards  the  Schuylkill  river,  and  no  official  examination  has  ever  been 
made  by  this  city  of  the  experiments  conducted  in  other  places,  con- 
cerning which  various  conflicting  opinions  have  been  expressed  by 
different  authorities. 

A  number  of  analyses  of  the  Schuylkill  water  have  been  made  by 
several  chemists  at  different  times,  and  the  samples  have  been  taken 
at  various  points.  Enough  has  been  given  by  Dr.  Cresson  in  his  report 
to  the  Chief  Engineer  of  the  AVater  Department,  March  3d,  1875,  to 
make  it  appear  that  the  condition  of  the  water  is  very  variable,  and 
that  these  variations  do  not  correspond  at  all  closely  with  the  seasons. 
Sometimes  the  pollution  is  greatest  during  the  summer  months,  while 
sometimes  it  is  then  at  a  minimum.  The  same  may  be  said  of  the 
winter  months.  It  is  shown  also,  that  the  purity  of  the  supply  varies 
according  to  the  location  of  the  different  pumping-stations. 

From  Dr.  Cresson's  analyses  in  the  paper  cited  above,  I  have 
deduced  the  following  averages,  wliich  I  have  calculated  in  parts  by 
weight  of  ammonia  in  one  million  parts  of  water,  the  metrical  form  of 
statement  being  superior  to  all  others  for  purposes  of  comparison  : 

Free         Albiiaiinoid 
Aimuonia.     Ammonia. 

I.  A-verage  composition  of  water  in  Fairmount 
forebay  from  Feb.,  1872,  to  Feb.,  1875,  by 

fourteen  analyses  in  different  months,  .         .         0'09         0"236 

II.  Average  composition  of  the  same  from  Feb., 
1872,  to  Jan.,  1873,  by  eight  analyses  in  eight 

different  months, 0-05         0-156 

III.  Average  of  same,  from  Jan  ,  1873,  to  Jan., 

1875,  six  analyses, 0-12         0*447 

IV.  Average  of  same,  from  Jan.,  1874,  to  Jan., 

1875,  four  analyses, 0-12         0*541 

From  these  results,  considered  by  themselves,  it  might  seem  that 
the  statement  made  by  Dr.  Cresson  to  the  effect  that  the  amount  of 
sewage  has  been  steadily  increasing  since  1872,  until  the  water  is  occa- 
sionally charged  with  an  amount  of  sewage  exceedijig  that  carried  by 
the  Thames  at  London  is  fully  justified. 

This  is  certainly  an  astonishing  result  considering  that  this  water 
has  been  heretofore  considered  to  be  of  standard  good  quality.  A  large 
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amount  of  sewage  wliioli  ])a.ssed  into  the  river  shortly  jtroviou-;  u> 
1875  lias  since  been  diverted  by  a  sewer  on  the  west  bank  of  the 
river.  If  there  had  been  a  smhlen  increase  in  this  polhition  it  niiglit 
partially  explain  the  results  o^  the  analyses. 

These  results  are,  however,  strangely  in  contrast  to  the  analyses  of 
the  Fairniount  water,  made  in  1875  by  Booth  and  Garrett  and  pub- 
lished in  their  report  for  the  Water  Commission  of  that  year,  which 
gave  in  parts  per  million — free  ammonia,  0*02  ;  albuminoid  ammonia, 
0"03.  This  sample  of  water  was,  as  they  rightly  remark,  ecjual  in 
purity  to  the  water  from  the  "artesian"  well  at  Bryn  Mawr,  and  was 
perhaps  even  somewhat  better  than  the  water  from  an  "artesian  "  well 
in  Gcrmantown,  300  feet  in  dei)th,  which  I  analyzed  in  August,  1877. 
It  is  to  be  regretted,  however,  that  Messrs.  Booth  and  Garrett  give  no 
information  whatever  as  to  the  exact  dates  of  their  analyses,  the  con- 
dition of  the  weather  i)revious  to  the  collection  of  the  sample,  height 
of  river,  etc.;  nor  do  they  state  whether  their  results  are  single  ana- 
lyses or  averages  of  seveial  samples;  nor,  again,  the  exact  place  where 
the  samj)le  was  collected.  These  circumstances  are  so  important  for 
the  j)roj)er  comparison  of  analyses  that  much  of  the  value  <>f  their 
results  is  thus  destroyed. 

It  should  also  be  said,  that  while  Dr.  Cresson  does  give  some  of  these 
particulars,  there  are  others  he  has  not  given. 

I  have  made  only  a  very  few  analyses  of  the  Fairmount  water, 
nevertheless  the  results  may  be  of  some  interest.  A  sample  was  taken 
March  1,  1X78,  from  a  water-cock  in  a  store  at  Seventh  and  ("oiumercc 
streets,  and  therelbre,  represented  the  water  as  actually  delivered  ti> 
consumei's.  It  gave  in  j)arts  per  million — free  ammonia,  0*014  ; 
albuminoid  ammonia,  0'05(j.  This  result  agrees  tolerably  well  with 
that  obtained  by  Booth  and  Garrett.  I  never  placed  mucii  reliance, 
however,  on  the  results  of  a  single  analysis  because  a  priori  considera- 
tions would  lead  us  to  expect  considerable  variations  at  diiferent  times 
and  seasons.  By  several  analyses  made  during  the  present  winter,  of 
water  collected  at  No.  315  Willing's  Alley,  I  am  lead  to  believe  that 
the  organic  matter  is  often  about  four  times  as  great  as  that  iiulicated 
in  my  analysis  just  stated.  It  is  possible,  however,  that  these  results 
may  be  invalidated  if  it  is  true  that  the  water  flowing  tiirough  the  city 
mains  consisted  of  the  mingled  waters  from  several  sourots  ])onred  into 
the  same  reservoir  before  distribution. 

Were  the  results  <rivcn  bv  Booth  and  (iaireii  ((ureci  :i>  ;i  \<:iri\  ;i\e- 
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rage,  their  remarks  upon  the  excellent  quality  of  the  Fairmount 
water  in  their  report  cited  above  would  be  fully  justified.  But  while 
I  have  not  the  slightest  doubt  as  to  the  correctness  of  any  single 
analysis  by  these  distinguished  chemists,  unfortunately  I  fail  to  find  in 
their  report  any  evidence  that  their  analyses  correctly  represent  the 
average  quality  of  the  river  water,  nor  do  they  make  any  such  state- 
ment, although  their  remarks  would  appear  to  be  based  upon  this 
inference. 

It  may  seem  to  some  persons  hardly  worth  while  to  criticise  the 
report  of  the  Water  Commission  after  a  period  of  five  years  has  elapsed 
since  its  publication.  But  this  objection  may  be  disposed  of  by  the 
consideration  that  almost  nothing  has  been  done  toward  adopting  the 
recommendations  of  that  report,  or  indeed,  nothing  at  all  to  improve 
the  purity  of  the  Schuylkill  water,  except  the  construction  of  the 
sewer  on  the  west  bank  of  the  river.  Hence,  the  whole  subject  may 
be  considered  to  be  still  in  suspense. 

Moreover,  the  City  Councils  have  been  repeatedly  urged  to  carry 
into  eifect  the  suggestion  made  in  that  report  to  take  water  for  the  city 
supply  from  the  Roxborough  water  works  at  Flat  Rock  dam,  on  the 
assumption  that  the  water  at  this  point  was  purer  than  the  water  at 
Fairmount,  because  it  was  taken  from  the  river  above  the  city  limits. 

Bootli  and  Garrett's  analyses,  however,  make  it  appear  that  in  1875. 
the  Fairmount  water  was  purer  than  that  supplied  by  any  of  the  other 
pumping  works.  If  it  had  been  stated  that  the  samples  were  collected 
on  the  same  day  and  under  precisely  similar  circumstances,  the  evidence 
for  this  would  have  been  much  more  conclusive. 

My  own  analyses,  although  too  few  to  form  the  basis  of  any  definite 
conclusions,  tend  to  confirm  the  impression  drawn  from  those  of  Booth 
and  Garrett.  The  amount  of  pollution  was  found  to  be  less  than  the 
average  condition  during  the  whole  year,  1872,  by  Dr.  Cresson's  ana- 
lyses. My  analysis  of  March  1st,  1878,  given  above,  represents  the 
state  of  purity  frequently  found  as  regards  the  water  in  the  service 
pipes.  An  analysis  of  the  Germantown  supply  from  the  Roxborough 
works,  the  sample  being  collected  from  the  service  pipe  on  the  same 
day  as  the  sample  of  Fairmount  water  above  referred  to,  showed  that 
the  Germantown  water  contained  twice  the  amount  of  organic  impurity 
found  in  the  water  from  Fairmount. 

JNIy  analyses  of  the  Germantown  water  have  given  the  following 
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icsults,  whieh  are  stated  in  ]»art.s  per  inilliun,  and  all  the  samples  taken 
from  servicje  pipes : 


Date. 


Place  of  Collection  of  Sample. 


June  18,  1877,  Ccrner  of  Main  st.  and  Coulter  st., 
tt      22,     **     I  "  "  " 

i>      23'     "  •'  "  " 

July  \:\\    "     I 

l.'{,     "      Cor.  Main  st.  an«i  W. Walnut  lane, 

Kelt.     4,  1878,;  "  "      Coulter  st., 

March  I,    " 

Nnv.  lM,  1S7!),  Wayne  st.  l»elo\v  (iucon  at., 

Dec.      7,  1880, 
8,     " 
"       10,     " 

Jan.    11,1881, 

I    Average  of  the  alK»ve, 


Free 

Albuminoid 

Ammonia. 

Ammonia 

01 27 

o-OOl 

00.U 

01 24 

o-o:{2 

o-llt; 

o-o;t4 

O-140 

0-02() 

014;J 

0-014 

0-1 18S 

0014 

0-0<H» 

0-01  (1 

OltiMj 

0-(i:u 

Ul(M) 

0-or»4 

012»i 

0074 

0180 

0-186 

o-n<((j 

0054 


0116 


The  f<)llo\vir.<;  are  a  few  analyses  I  have  made  of  the  city  water, 
the  samples  also  l)eing  drawn  from  the  serviee  ])ipes.  Analy-c^  >t,if<d 
in  [)arts  per  million  : 


Mar.     1,  1878,  Seventh  and  ConnnercestreetB,       1 
Nov.  20.     "      No.  31.5  Willing's  alley,  ' 

"      27,     " 

"      27.     "      No.  112fi  Ri<l);e  avenue, 
'*      27,     *'      Du])licate  analysis  of  .san»e  sample,! 


0-014 

0-o.so 
o-o.")4 
UtMiO 
0-074 


0-0.»6 
01 20 
012«» 
0-2<M) 
0-20<3 


It  is  th«)U<fht  it  would  he   interesting  to  compare  with  these  result- 
analyses  of  the  water  of  tlie  Wissahickon  and  Wingohockeii  creeks : 


Ehite. 


Description 


May  20,  1880,  Wissahickon  creek,  short  distance 
altovc  NorristowM  H.K.  luid^re, 

July  14,  1877,  Winj^ohockcn  creek,  Fast  Hranch, 
justahovc  J.  S.  llain»'s'  dam, 

Au^'.  1,  lS77,;WMng«»hoeken  creek.  West  Jiraueh, 
at  East  Walnut  lane  bridge, 


Free  NH, 

AH..  Nir, 

0-240 

0-200 

(t;{40 

«»-13H 

0112 

0192 

The  surface  water  was  carefully  excliide<l  in  taking  these  s;unples. 
The  chlorine  in  each  was  respectively  in  the  onler  given  :  — ()"7,  — O'So. 
and  ri5  parts  in  UH>,()(>0.  The  Wissahickon  water  was  (x>lhH'tetl 
during  a  long  continueil  drought  and  was(|uite  clear  and  frcv  from  tjic 
mud  usually  found  in  it.  The  cjist  hninch  of  the  \N  ingoluH-ken 
rcceivcil  the  drainage  of  a  farm-yard  above  the  place  where  the  sam- 
ple was  taken.     The  west  branch  of  this  creek  receiveil  the  drdnage 
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of  pig  styes  and  other  surface  pollutions.     It  was  used  for  domestic 
purposes  by  a  settlement  of  colored  people. 

AVe  Avill  now  quote  analyses  by  Booth  and  Garrett  of  the  Schuylkill 
river  waters  given  in  their  report  of  1875,  translating  their  figures 
into  parts  per  million  for  the  sake  of  comparison  with  the  foregoing 
analyses. 

Free         Albuminoid 
Ammonia.     Ammonia. 

Fairmount,         ....       0-020  0-030 

Belmont,     ....  0-100  0-087 

Spring  Garden,  ....       0-299  0-149 

Flat  Rock  (Roxborough  works),  .  0-125  0-087 

Perkiomen  creek,  .  .  .0-125  0-125 

From  Wanklyn's  Water  Analysis: 
Thames  and  River  Lea  water,  supplied  by  Lon- 
don companies,  average  of  44  samples,  .       0"010         0-090 
Thames  water  at  Hampton  court  (London  sup- 
ply) before  filtration,  average  of  2  samples,     .       0*025         0-255 
Thames  river  at  London  bridge  at  high  tide, 

average  of  3  samples,     .  .  .       1-020         0-550 

Dr.  Cresson's  analyses  give  the  following  as  the  average  composition 
of  the  Schuylkill  water  at  the  Spring  Garden,  Belmont  and  Roxbo- 
rough M'orks : 

Spring  Garden,  average  of  two  analyses,  .         0-61         0-835 

Belmont,  average  of  five  analyses,  .  0-45         0-454 

Roxborough,  average  of  two  analyses,  .         0-37         0-327 

From  this  discussion  the  following  conclusions  may,  I  think,  be 
legitimately  drawn. 

That  the  analyses  by  Booth  and  Garrett  and  Dr.  Cresson  of  the 
water  in  the  river  at  the  works,  and  my  own  analyses  of  the  water  as 
delivered  in  the  service  pipes,  all  coincide  in  showing  that  the  average 
quality  of  the  water  contained  in  Flat  Rock  pool  is  not  likely  to  be 
any  better  than  that  of  the  water  pumped  at  the  Fairmount  works ; 
provided  we  exclude  from  this  calculation  Dr.  Cresson's  analyses  for 
the  year  1874,  when,  even  if  the  results  were  not  very  approximately 
correct,  there  must  have  been  some  enormous  and  temporary  pollution 
of  the  river.  The  figures  in  the  analyses  of  July  24th  of  that  year 
are,  however,  so  veiy  extraordinary  that  they  excite  the  most  serious 
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iloubts  as  to  their  correctness,  and  tliey  therefore  cast  suspicion  on  seve- 
ral of  the  other  analyses  also.  For,  to  make  this  more  evident,  it  may 
he  said  that  the  alhnniinoid  ammonia  in  the  analysis  of  the  Sprin;; 
Grarden  water  of  that  date  is  ecjnivalent  t«>  that  in  the  averaj;e  of  twen- 
ty-seven samples  of  aetnal  sewage  taken  at  night  from  the  sewers  of 
Worcester,  Mass.,  during  prevalence  of  dry  weatiier.* 

Free  NH,.     .All.   NJI,. 
J.  Average  of  27  samples  of  sewage  from  three 

sewers  in  Worcester,  AIa.ss.,  taken  at  (i  A.M., 

y  P.M.  and  12  P.M.     Night  sewage, 
1  r.   Average  of  27  samjilcs  ot"  the  same  taken  at 

II  A.M.,  IL'  M.  and  «i  P.M.      Day  sewage,       . 
111.1  )r.  ( 'rcsson's  analysis  of  the  water  at  Spring 

Garden  inlet,  July  24,  1874, 

These  results  are  exj)ressed  in  j)arts  per  milliim  a>  heretofore  in  (his 
paper 

W'liat  is  ((pially  remarkai)le  the  water  at  Belmont  inlet  an<l  l''air- 
mount  forehay  were,  according  to  Dr.  Cres.son's  analyses,  neiU'ly  as  had. 

Bearing  in  ini.d  that  this  albuminoid  ammonia  represents  relativelv 
the  nitrogenous  organic  matter  actually  present  both  in  solution  and  in 
susj)ension.  Dr.  Cresson's  analyses  appear  altogether  incredii)Ie.  It 
will  be  impossible,  we  are  sure,  to  make  Philadelphians  l)elieve  that 
at  that  time  they  were  di'inking  liquid  out  of  a  veritable  sewer.  More- 
over, his  figures  would  rej)resent  the  Fairmoimt  water  its  twice,  and 
the  Spring  (Jar<len  water  nearly  three  times,  as  bad  as  the  Thames 
river  water  at  London  bridge,  which  Waidvlyn  characterizes  as  "  vile 
and  stiidving,"  having  received  a  large  j>art  of  the  sewage  of  T.,ondon. 

For  these  rea.sons  we  must  l)elieve  that  .some  great  mistake  was 
made  either  iii  the  mode  of  collecting  the  sjimples,  wncerning  which 
the  most  .scrupulous  care  is  absolutely  essential,  or,  in  the  mode  of 
conducting  the  analysis,  or  in  the  calculation  of  the  nsults. 

In  the  comparison  of  the  water  from  the  ditlcrent  pumjiing  station-. 
Dr.  ( 'rcssnii's  analy.scs  of  Xoveml)er  7th,  1874,  of  the  Fairmount  and 
lioxborough  waters  collected  on  the  same  day,  show  a  ditleixMuv  in 
favor  of  the  former.  Yet  here  again  the  amount  of  albuminoid  am- 
monia in  the  R(».\borough  water  is  about  five  times  as  great  as  the 
anioiMit  t'oiuid  in  the  average  of  my  own  twelve  analv.s.*s   made  in  all 

*  Vidi-   ImmhiIi    RejMUt  f.f  Ma.ss    ^t.ite  Iloanl  i.f  Health,  I87;i„  pjijie  Tt>.     ComiKire 
als(t  analyst's  iif  Ito^ton  Sewage.     Idem   p.  70. 
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seasons,  from  1877  to  1881.  It  is  about  four  times  as  great  as  Dr. 
Cresson  found  it  to  be  only  seven  months  afterwards.  We  must  there- 
fore consider  the  correctness  of  these  particular  analyses  also  as  very 
doubtful,  so  far  as  representing  the  true  condition  of  that  part  of  the 
water  supply  of  this  city.  Variations  in  quality  from  day  to  day  and 
from  month  to  month  will  undoubtedlv  occur  according;  to  the  varia- 
tions  from  time  to  time  in  the  amount  and  character  of  the  waste 
material  of  all  sorts  from  the  numerous  factories,  afid  also  according  to 
the  amount  of  rainfall  and  consequent  flushing  of  stagnant  sewers,  etc. 
But  that  these  variations  should  be  of  the  extent  indicated  by  Dr. 
Cresspn's  analyses  is  incredible,  especially  in  comparison  with  the 
results  of  the  examination  of  a  considerable  number  of  the  rivers  of 
Massachusetts  by  authority  of  the  Board  of  Health  of  that  State,  and 
where  the  pollution  is  of  a  somewhat  similar  character. 

A  report  has  lately  been  made  on  the  character  of  the  Ohio  river 
water  at  Cincinnati,  used  for  city  supply  ;  but  it  appears  that,  although 
the  variations  are  exceedingly  great  the  deductions  to  be  drawn  from 
them  cannot  properly  apply  to  the  Schuylkill,  because  the  conditions 
affecting  the  flow  and  pollution  of  these  two  rivers  are  so  very  different. 
During  September  and  October  of  the  past  year  the  water  was,  perhaps, 
Avhat  might  be  called  tolerably  good,  which  is  stated  to  represent  about 
the  average  condition  for  the  greater  part  of  the  year :  but  during  the 
latter  half  of  November,  and  especially  during  December,  it  became 
frightfully  bad — actually  nearly  as  bad,  according  to  the  same  series  of 
analyses,  as  the  water  was  at  about  the  same  time  at  the  mouth  ofasewer.* 
One  of  the  ways  in  which  the  Ohio  river  is  polluted  is  the  frequent 
practice  of  the  railroad  men  on  the  cattle  trains  of  throwing  the  car- 
cases of  animals,  that  have  died  on  the  way,  into  the  river  at  the 
bridges.  Large  numbers  of  these  dead  bodies  are  sometimes  seen  float- 
ing down  the  river.  Analyses  of  water  from  wells  several  hundred 
feet  deep  on  the  river  "bottoms,"  or  flood  ground,  show  this  water  to 
be  as  bad  as  the  river  itself,  and  that  this  earth  contains  enormous 
quantities  of  organic  matter  deposited  during  the  frequent  floods. 

To  return  to  the  condition  of  the  Schuylkill  river  my  analyses  show 
that  a  considerable  amount  of  pollution  exists  at  certain  times  in  the 
supply  from  the  Roxborough  works.  Yet  the  results  of  these  analyses 
may  possibly  be  affected  in  some  degree  by  vegetable  growth  in  the 

*  Vide  Report  of  Analyses  of  Ohio  river  water  by  order  of  the  Board  of  Health, 
Cincinnati,  Dec.  20,  1880,     By  Prof  C  R  Stuntz. 
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reservoirs  and  distributing  mains,  which  is  known  sometimes  to  occur. 
On  reference  to  these  analyses  it  will  appear  that  the  largest  amount 
of  albuminoid  ammonia  for  1877  was  0*14  i)arts  j)er  million,  an<l  for 
1880,  0*18,  while  the  average  for  all  was  0"11  parts  per  million.  On 
referring  to  the  analyses  by  Prof.  Nichols  of  the  water  of  Cochituate 
Lake,  the  purest  water  supply  of  Boston,  published  in  the  fiftii  report 
(1874)  of  the  Massachusetts  State  Board  of  Health,  page  117,  we  find 
that  the  maximum  amount  of  all)uminoid  ammonia  during  the  summer, 
autumn  and  early  winter  of  1873,  was  0*13  parts  per  million,  with  an 
average  of  O'll  ])arts.  The  samj)les  in  this  case  also  were  tiiken  from 
service  pipes  at  the  Mass.  Inst.  Technology.  While  the  average  is  the 
same  in  the  two  cases,  the  maximum  is  greatest  in  the  Roxborough 
supply.  If  it  be  said  that  the  difference  is  very  insignificant  it  may 
be  rcj)lied,  that  just  this  apparently  insignificant  ditference  in  albumi- 
noid ammonia  will  in  the  case  of  shallow  wells  constitute  the  ditference 
between  a  well  water  which  is  passably  good  and  one  which  may  be 
dangerously  polluted.  In  river  waters,  however,  as  has  been  exi>lained 
in  a  preceding  paper  on  this  subject,  we  should  not  judge  (piite  so 
strictly  as  in  the  case  of  shallow  wells. 

We  should  also  consider  in  this  connection  the  fact,  which  we  believe 
to  be  true,  that  the  Cochituate  water  contains  extract  of  peat,  since  the 
gathering  grounds  for  the  supply  of  the  lake  are  of  a  peaty  character, 
and  consequently  a  part  of  the  albuminoid  ammonia  probably  represents 
extract  of  peat  which  is  by  most  observers  considered  (piite  innocent 
when  in  not  very  excessive  amount.  It  will  thus  appear  that  the 
sewage  contamination  of  the  Roxborough  supply  is,  in  all  probability, 
quite  perceptibly  greater  than  the  Boston  sujiply,  inasmueh  as  no  beds 
of  peat  are,  I  believe,  to  be  f(^)und  on  the  baidcs  of  the  Schuylkill  and 
its  tributaries. 

There  is  some  reason  to  believe  that  either  the  Schuylkill  river 
water  was  purer  in  1875  than  it  has  been  during  the  pericxl  of  my 
analyses,  and  i)erhaj)s,  better  than  it  wits  for  the  two  yeai's,  1873  an«l 
1874,  or  else  that  the  water  at  all  the  different  pumping  stations  was 
at  the  time  of  Booth  and  Garrett's  analyses  perceptibly  better  than  its 
average  condition  for  1875. 

It  should  be  stated  that  the  maximum  pollution  indicateil  in  my 
analyses  was  coincident  in  time  with  extremely  low  water  in  the  river 
which  had  continued  for  some  time,  causing  a  probable  concentration 
of  the  sewage,  and  therefore,  not  necessarily  indicating  an  increase  in 
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the  absolute  amount  of  sewage  poured  into  the  river.  We  cannot 
regard  the  water  at  these  maximum  periods  as  being  of  satisfactory 
character,  since  at  such  times  a  disagreeable  taste,  and  even  an  odor,  is 
perceptible  and  sufficiently  marked  to  cause  some  people  in  German- 
town  to  prefer  well  waters  for  drinking  purposes. 

It  is  proper  to  state  that  my  own  analyses  have  been  conducted 
throughout  with  very  great  care  as  regards  perfect  cleanliness  of  appa- 
ratus, etc.,  and  purity  of  reagents  and  with  strict  adherence  to 
the  directions  given  by  Wanklyn  in  the  third  and  fourth  editions  of 
his  manual.  The  samples  were  collected  according  to  the  directions 
of  Wanklyn  and  Frankland,  the  absolute  cleanliness  of  sample  bottles 
being  especially  regarded. 

One  point  of  some  importance,  to  which,  it  is  believed,  no  allusion 
has  been  made  in  published  reports,  is  the  probability  that  the  quality 
of  the  water  in  Fairmount  forebay  usually  may  be  said  to  be  an  ave- 
rage of  that  of  the  whole  stream  opposite  to  that  pumping  station, 
while  this  cannot  be  said  of  the  water  at  any  of  the  other  works.  This 
is  owing  to  the  fact  that  frequently  during  more  than  half  the  year 
no  water  flows  over  the  comb  of  Fairmount  dam,  and  consequently 
the  whole  stream,  exclusive  of  a  very  small  proportion  necessary  for 
the  canal  locks,  passes  through  the  forebay  of  these  works  to  drive  the 
turbines  and  supply  the  pumps,  the  whole  flow  of  the  river  being  util- 
ized for  these  purposes,  with  the  exception  of  what  leakage  occurs. 

In  the  case  of  the  other  Avorks  the  supply  is  taken  from  along  shore, 
obviously  the  most  impure  part  of  the  stream,  and  the  water  is  pumped 
by  steam  power.  It  is  evident  that  the  Roxborough  supply  is  also  dif- 
ferent from  that  at  Fairmount,  for  although  the  former  works  are 
situated  above  Flat  Rock  dam,  the  water  sui)ply  is  here  also  pumped 
entirely  by  steam  power  and  the  river  water  flows  quite  continuously 
over  the  comb  of  that  dam  and  the  current  is  not  therefore  diverted 
to  any  great  extent. 

Hence,  supposing  that  no  polluting  material  were  poured  into  the 
river  between  Flat  Rock  and  Fairmount,  and  also  supposing  that  the 
sewage  was  not  oxidized  to  any  extent  during  this  flow  we  should 
naturally  expect  the  water  supplied  from  the  Fairmount  works  to  be 
of  purer  quality  than  that  supplied  from  any  of  the  other  pumping 
stations. 

This  consideration  will  at  once  suggest  a  plan  of  obtaining  a  better 
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su|>j)ly  ut  all  tlie  upj)er  works  by  extending  the  inlet  pipe  out  into  the 
middle  of  the  river  stream. 

Setting  aside  the  cpiestion  of  a  more  abimdant  siipj)ly  for  this  city 
■dn  not  being  within  my  province,  and  consider hkj  xoldy  Ha  puriti/,  a 
very  obvions  method  of  improving  its  character  is  presentol  in  the 
j)lan  of  constructing  large  covered  sewers  on  both  sides  of  the  river, 
into  which  it  shall  be  made  com|)uIsorv  to  discharge  every  kind  of 
artificial  drainage  and  house-sewage  and  all  factory  refuse.  These 
sewers  to  be  ettective  at  all  should  extend  from  near  Flat  Ko<'k  to  a 
jioint  below  Fairmount,  and  were  it  not  for  engineering  difHculties  it 
woul  1  be  better  to  extend  them  above  Flat  Kock  dam.  In  this  way 
thes|)ccial  pollution  of  Fairmount  )K)o1  would  be  prevcntal  and  oppor- 
tunity would  be  given  for  tlie  oxidation  of  the  sewage  of  Xorristown, 
Conshohockcn  and  other  towns  above  Philadelphia.  If  it  be  true 
that  this  oxiilation  does  tiike  place  and  these  intercej)ting  sewers  havino- 
been  constructed,  it  would  be  possible  to  furnish  the  citv  with  a  purer 
supply  than  at  j»resent  by  diawing  nearly  the  whole  of  the  water 
from  near  Fairmount  dam.  Jiy  going  up  the  river  for  the  supplv 
we  would  then  only  meet  the  sewage  of  Xorristown,  etc.,  which  has 
i)een  less  thoroughly  oxidized. 

It  is  true  that  since  the  valley  of  tiio  Schuylkill  is  destined  in  the 
far  future  to  be  densely  populatetl,  this  plan  will  necessiirily  be  onlv  a 
tem[)orary  one.  For  we  must  look  forward  to  a  day  when,  if  st^-wage 
irrigation  is  not  soon  established  ihr  all  large  towns,  all  our  rivers  will 
become  no  better  than  foul  open  sewers.  It  will  also  be  onlv  a  ques- 
tion of  time,  of  somewhat  greater  length,  when  the  amount  of  sewage 
will  counterbalance  the  etlect  (»f  the  greater  volume  of  water  in  the 
I)elaware  river  also. 

Moreover,  we  iiave  no  reason  to  suppose  at  the  present  time  that  the 
specific  cause  of  infectious  disease  may  not  co-exist  with  a  small 
amount  of  organic  j)ollution  as  well  as  with  a  large  amount  of  it.  We 
do  not  know  whether  this  specitic  cause  may  not  be  capable  of  resist- 
ing all  oxidizing  influence  for  long  periods  of  time,  although  the  proba- 
bilities in  some  eases  seem  to  be  against  this. 

There  is  a  marked  tendency,  of  latter  times,  to  give  up  rivers  as  a 
source  of  i)ublie  water  supply  and  to  seek  for  it  in  natural  and  artifi- 
cial lakes  or  large  reservoirs  in  hilly  districts.  By  this  plan  use  is 
made  of  the  storm  waters  of  the  region,  and  a  water  is  obtainetl  as 
nearly  pure  from  tlie  clouds  by  natural  distillation  as  ran  k'  done  on 
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a  large  scale.  The  hill  country  from  which  the  supply  is  taken  must 
be  chiefly  in  woodland  or  pasture  ground,  and  should  not  be  in  active 
cultivation.  It  is  also  to  be  noted  that  sewage  contamination  is  less 
likely  to  occur  in  such  a  lake  than  in  a  river,  for  it  has  been  observed 
in  many  places  and  among  them,  Massachusetts,  that  the  centres  of 
population  extend  usually  along  the  river  courses  and  seldom  settle  on 
the  shores  of  small  lakes.  Hence,  the  plan  of  building  an  immense 
impounding  reservoir  on  the  drainage  area,  or,  what  is  improperly 
termed  the  "  water-shed"  of  Perkiomen  creek,  appears  in  some  respects 
to  be  the  best  for  the  permanent  future  supply  of  Philadelphia,  not 
only  as  regards  its  purity  but  also  in  regard  to  quantity  of  water.  But 
the  Avhole  subject  of  this  plan  requires  a  far  more  thorough  and 
extensive  investigation  than  has  yet  been  made.  The  teachings  of 
sanitary  science  in  all  its  bearings  must  be  applied  and  investigations 
must  be  made  as  to  what  pollutions  appear  to  exist  at  the  present  time 
in  the  Perkiomen  creek  and  what  is  probable  in  the  distant  future. 
The  question  of  the  necessity  of  a  State  Board  of  Health  must  be 
considered,  and  the  requisite  control  such  a  board  should  have  in  main- 
taining the  purity  of  the  water  supply.  For  should  polluting  mate- 
rial enter  this  artificial  lake,  that  which  will  not  subside  will  be  less 
likelv  to  be  thoroughly  oxidized  than  in  the  river,  and  the  pollution 
is,  therefore,  more  important  in  the  former  case.  Moreover,  the  con- 
tinual subsidence  of  organic  impurity  in  a  reservoir  which  cannot  be 
cleaned  is  an  element  of  danger. 


Comparative  Expense  of  Lighthouse  Service. — Emile  Allard 
has  published  a  comparison  of  the  principal  expenditures  for  light- 
house service  in  France,  the  United  States  and  England.  He  finds 
the  average  annual  cost  of  each  light  to  be  3580  francs  (|716)  in 
France  and  11,790  francs  ($2358)  in  the  United  States.  A  large  part 
of  the  economy  in  the  French  service  is  undoubtedly  due  to  the  dif- 
ference in  the  cost  of  labor;  but  he  also  thinks  that  much  of  it  is 
owing  to  the  vigorous  economy  which  the  engineers  of  the  department 
of  bridges  and  highways  bring  to  the  execution  of  their  labors,  and 
to  their  careful  avoidance  of  introducing  luxurious  arrangements, 
which  do  not  contribute  to  manifest  utility. — Annates  des.  Ppnfs  et 
Chaussees.  C 
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A  FOURTH  STATE  OF  MATTER. 


By  Alexander  E.  Outerbridge,  Jr. 

A  k'cture  delivered  before  the  Franklin  Institute,  February  ITtii,  1881.* 


While  the  past  score  of  yiears  has  been  fruitful  in  piodiicing  brilliant 
inventions  like  the  telephone  and  other  practical  applications  of  science 
to  utilitarian  j)ur])oses,  we  should  likewise  reco«:;nize  that  \i\\'\\i  |)ro<rress 
luLs  l)een  made  in  the  less  j)oj)idar,  though  no  less  ini])ortant,  retUnis  of 
purely  abstract  and  theoretical  science.  It  is  a  signitiwuit  observation 
that  all  modern  research  tends  to  simplify  nature's  laws,  to  show  their 
intimate  correlation,  and  even  to  point  still  farther  toward  a  complete 
unlHcation  or  oneness  of  origin;  thu'^  the  great  forces  of  light,  heat 
an<l  electricity,  though  differing  never  so  widely  in  their  elli-ct  on  our 
senses,  have  all  been  resolved  intt>  "mmles  of  motion,"  and  it  W(»uld 
almost  seem  a  natund  inference  from  the  general  drift  of  m<xlern 
scientific  specidation  that  the  now  seemingly  complex  laws  of  nature's 
forces  may  all  come,  at  some  futiu'e  day,  to  be  included  in  the  single 
study  of  the  laws  of  motion.  This  little  word  motion,  then,  mav  be 
regarded  tu<  the  key-note,  the  open  sesame,  of  the  mo<lern  j)hiI«tH»plier. 
Even  the  so-called  "inert  niatt<'r"  has  not  escaped  its  (piickening 
iiiHueuce.  Speculations,  at  first  regarded  as  visionary,  are  gradually 
fonuulating  themselves  into  an  at  lea.<t  plausible  theory  that  "  that 
which  we  call  matter  may  be  nothing  more  than  the  effect  on  our  senses 
of  the  movemotts  of  molecules,  or,  as  John  Stuart  Mill  expresses  it, 
a  ])ermanent  j>ossibility  of  sensation." 

Sir  Wm.  'J'homson,  the  profound  scientist  and  mathematician,  who 
may  be  regarded  as  a  moulder  of  men's  minds,  has  advanced  a  startling 
theory,  which,  however,  is   gaining   constantly  new  proselytes,  viz.: 

*  'I'lir  Si'iivlarv  of  the  Institute  said,  in  intnxluciiig  the  lecturer,  that  a  little  more 
than  one  year  ajjo  Prof.  C'rookes,  of  tlie  Koyjil  StR'iety,  deliverwl  a  very  remarkable 
leiture  liefore  the  "lUIlIsh  As.soeiation  for  the  Advaueenient  of  Seience."  under  the 
striking  title  "Kadiant  Matter."  This  leeture  has  exiited  universnl  seientilic  attention 
not  only  from  the  fait  that  whole  elasses  of  entirely  new  phenomena  wire  developeil, 
but  also  from  the  exeeeding  beauty  and  originality  of  the  experimental  illustrations. 
A  few  months  ago  a  full  set  of  I'rof.  Crookes' delicate  a|)paratus  w:us  im|iorteil  by 
Messrs.  (.^ueen  iS:  Co.,  of  this  city,  and  exhibitinl  at  one  of  the  monthly  meetings  of  the 
Franklin  Institute,  and  a  resolution  was  then  jiassotl  inviting  Mr.  t )uterbridj,e  to  lec- 
ture on  the  subject. 
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"  That  what  Ave  call  matter  ma}'  be  only  the  rotating  portions  of  some- 
thing which  fills  the  whole  of  space,  i.  e.,  '  vortex  motion  of  an  every- 
where present  fluid.'  " 

Prof.  Tait,  following  in  the  same  path,  says:  "This  property  of 
rotation  may  be  the  basis  of  all  that  appeals  to  our  senses  as  matter." 

Prof.  Crookes  says  :  "  From  this  point  of  view,  then,  matter  is  but  a 
mode  of  motion."  * 

We  are  quite  certain  that  many  of  the  physical,  as  well  even  as  some 
chemical  changes  which  we  observe  in  the  sensible  condition  of  matter, 
are  due  merely  to  movements  among  the  molecules,  or  to  motion  of  the 
atoms;  thus  the  three  commonly  recognized  states  of  matter,  viz.: 
solid,  liquid  and  gaseous,  are  consequences  simply  of  the  greater  or 
lesser  amplitude  of  motion  of  the  constituent  particles,  and  the  ques- 
tion whether  matter  may  exist  in  a  fourth,  or  ultra-gaseous  state,  is  the 
great  scientific  conundrum  which  Prof.  Crookes  has  essayed  to  answer 
in  the  affirmative.  He  believes  that  he  has  discovered  matter  in  a 
state  as  far  removed  from  the  gaseous  as  gas  is  from  liquid  or  liquid 
from  solid,  and  says :  "  In  studying  this  fourth  state  of  matter  we 
seem  at  length  to  have  within  our  grasp,  and  obedient  to  our  control, 
the  little  indivisible  particles  of  matter  which,  with  good  warrant,  are 
supposed  to  constitute  the  physical  basis  of  the  universe."  AMiether 
Prof.  Crookes'  conclusions  prove  conclusive  or  not,  we  are  indebted  to 
his  genius  for  a  most  brilliant  investigation,  teeming  with  possibilities 


*  "Motion,  wherever  we  can  directly  trace  its  genesis,  we  find  to  pre-exist  as  some 
other  mode  of  force.  Our  own  voluntary  acts  have  always  certain  sensations  of  mus- 
cular tension  as  their  antecedents.  When,  as  in  letting  fall  a  relaxed  limh,  we  are 
conscious  of  a  bodily  movement  requiring  no  eftbrt,  the  explanation  is  tliat  the  eflbrt 
Avas  exerted  in  raising  the  limb  to  the  position  whence  it  fell.  In  this  case,  as  in  tlie 
case  of  an  inanimate  body  descending  to  the  earth,  the  force  accumulated  by  the  down- 
ward motion  is  just  equal  to  the  force  previously  expended  in  the  act  of  elevation. 

"Conversely,  motion  that  is  arrested  produces,  under  different  circumstances,  heat, 
electricity,  magnetism,  light.  From  the  Avarming  of  the  hands  by  'rubbing  tlieni 
together  up  to  the  ignition  of  a  railway  brake  by  intense  friction — from  tlie  lighting 
of  detonating  powder  by  percussion,  up  to  the  setting  on  fire  a  block  of  wood  by  a  few 
blows  from  a  steam  hammer;  we  have  abundant  instances  in  which  heat  arises  as 
motion  ceases.  *  ""  *  The  production  of  electricity  by  motion  is  illustrated 
equally  in  the  boy's  experiment  with  rubbed  sealing  wax,  in  the  common  electrical 
machine  and  in  the  apparatus  for  exciting  electricity  by  the  escape  of  steam.  *  *  *  * 
And  similarly,  motion  may  create  light,  either  directly,  as  in  the  minute  incandescent 
fragments  struck  off"  by  violent  collisions,  or  indirectly,  as  through  the  electric  spark. 
'Lastiv,  motion  maybe  again  reproduced  by  the  forces  which  have  emanated  from 
motion.'  " — Synthetic  Philosophif,  Herbert  Spencer,  p.  197. 
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for  furtlier  development  and  j^ivin;^  us  fascinating  littl**  vistas  inti» 
unexplored  regioas  of  knowledge  in  that  "lx)rtler  hind  where  Matter 
:ni<]  lA)r<x!  K(Hini  to  merge  into  one  another,  the  sliadowy  re^ilm  Ix'twn'ii 
Knowji  and  I  nknown." 

IvrEH-MoLKcrLAii  Spaces  and  Motion. 

Tlje  j)oio.sity  of  all  sul)stan<vs,  even  thase  whieh  we  <-«»nin)onlv 
reg.ml  as  most  deiLsc,  proves  that  tlie  eonstitn<'nt  partiehis  are  n<»t  in 
contact.  You  remember  the  ol<l  ex})eriraent  of  the  sj)hen'  of  gold 
till»'(l  witli  water,  on  <'omj)ressing  the  sj>her«'  dro|)s  of  water  ooze<l 
through  the  |>on'>  of  the  gold,  i.  c,  the  spa<X5S  l>etween  the  moh'juk^. 

A  bar  of  iron,  or  other  metal,  may  Ix;  reatJily  compresse<l  under  a 
steam  iiannner,  and  we  know  that  we  do  not  diminisli  tlie  size  of  the 
metallic  parti<;le>  one  iota;  we  simi)ly  contnict  their  house  rof)ni,  as  it 
wo'c,  or  crowd  thenj  nean-r  togefhei". 

'J'he  ))o)-osity  of  li(juids  may  Ix;  rwidily  prove<l,*  while  this  jiropei-tv 
is  one  ot"  the  most  striking  <'hanu't<'risti<vs  of  all  gases. t 

Tlie  idea  that  the  <'onstituent  niolci-ules  of  all  b(xlit>,  whethei-  in  tin- 
solid  li<]uid  or  ga.se<jus  state,  arc  not  at  rest,  but  constantly  moving, 
witii  cnormoiLS  veliM'itits,  within  certain  Ixmndaries,  is  so  insi'parablv 
associated  with  our  mtMlern  coiuvption  <»f  matter  in  these  three  stattrs 
that  we  may  say,  bi-oadly,  we  lu-licve  finnly  that  no  S4>litarv  m(»lccide, 
whether  cDustituting  an  intinitesimal  |K)rtion  of  tliis  greiit  gloiw  or 
iiih:il>i(ing  the  most  distant  star,  has  yvt  foun<l  a  ]<MJging  j)lace  where  it 
may  enjoy  absohite  rest.  The  particle  was  cn<lowe<l  at  its  <-reation 
witi)  an  iii-esistil)Ie  antagonism  to  inertness.  Constant  motion  is  a  verv 
necessity  of  its  being;  the  whirling  and  the  clashing  of  the  atoms  gm's 
on  forever,  like  the  nnisie  ot"  tlu-  spheres,  and  this  eternal  dance  <»t 
niolci'ules  can  <t'ase  oidy  with  the  utter  annihilation  of  familiar 
matter.;}; 

*  /i ;;.     \  ghuss  lillttl  witli  w.itir,  lo  wliitli  may  ln'  added  salt,  sug.ir,  i-tc. 

1 1'' ij.     DiHiision  fxliil>itiMl  liy  I'roC.  (iruiiunr.s  I'xiK'riment,  etc. 

J"Tiie  .sj)jice  covered  l)_v  tiie  motion  of  mole<"ides  Una  no  more  riylit  to  he  lalUii 
matter  tliuii  tlie  air.  traversed  by  a  rille  l>idlet,  cjin  W  ejille<l  had..  *  «  *  _\t  t|„. 
al  soiiiif  zero  of  temj)eraliire  the  inter-moleeular  movement  would  stop,  and,  although 
KonniliitKj  retaining  the  i>roperties  of  inertia  wouhl  remain,  matter,  ixs^  we  know  it. 
would  eejiiie  to  e.xist." — Letter  to  seeretury  of  the  Koyal  Society,  W  (  r.i.il.-  I"  I;  s 
Nature,  vol.  22,  No.  7,  i>.  1">3. 

"There  is  no  repose  of  any  kind  in  nature;  its  whole  exi.stenci'  i>  a  (imim;;'!  i  \.  ir. 
ill  which  every  motion,  the  con.se(|ueniv  of  a  prece<linx  motion,  l>ecomes  immi.-<iiatelY 
Whole  No.  Vol.  CXI. — (Third  Series,  Vol.  Ixxxi.)  1J> 
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The  change  of  matter  from  the  solid  to  the  liquid  and  then  to  the 
gaseous  state  is  a  most  familiar  occurrence.  Let  us  try  to  form  a  clear 
mental  picture  of  the  movements,  which  the  molecules  undergo, 
whereby  a  body  which  is  opaque  like  lead  and  rigid  like  iron  becomes 
first  plastic,  then  fluid,  and  then  dissipates  before  our  eyes  as  invisible 
vapor.  Whence  come  these  marvelous  transmutations?  A  crude 
illustration  may  perhaps  answer  our  question  clearly  and  without 
scientific  technicality.  Let  ils  imagine  a  hall  crowded  to  repletion  with 
dancers.  It  is  evident  that  the  movements  of  each  person  will  be  very 
circumscribed,  he  cannot  advance  far  in  any  direction  without  jostling 
his  neighbor;  the  result  will  be  that,  at  the  end  of  a  given  time,  the 
individuals  will  all  occupy  the  same  relative  positions  in  the  room  that 
they  held  at  the  beginning.  The  characteristics  of  the  mass,  therefore, 
have  remained  unchanged.  This  simile  illustrates  the  motion  of  the 
molecules  composing  a  solid  body;  they  may  be  regarded  as  gyrating 
within  small  limits  of  space  and  constantly  jostling  each  other;  their 
paths  of  free  movement  being  exceedingly  small,  the  molecules  cannot 
change  places,  and  the  characteristics  of  hardness,  rigidity,  etc.,  remain 
fixed. 

Now,  let  us  open  the  folding  doors  of  the  hall  so  that  some  of  the 
-dancers  may  overflow  into  the  adjoining  room ;  more  freedom  of  move- 
ment is  immediately  aflbrded,  the  individuals  change  places  constantly 
in  this  giddy  whirl,  and  an  observer  in  the  gallery  notices  kaleido- 
scopic changes  every  moment  in  the  characteristics  of  the  mass.  This 
represents  the  change  of  a  solid  body  to  the  condition  of  a  fluid. 

If  we  continue  to  enlarge  the  boundaries,  still  greater  changes  will  be 
observed  in  the  mass;   the  unoccupied  space  becomes  excessive,  so  that 


I 


the  cause  of  an  equivalent  succeeding  one ;  so  that  there  is  nowhere  a  gap,  nowhere 
either  loss  or  gain." — Buchner. 

"Matter  is  not  like  a  carriage,  to  which  the  forces,  like  horses,  can  be  j^ut  or  again 
removed  from.  A  particle  of  iron  is,  and  remains,  the  same  whether  it  crosses  the 
horizon  in  the  meteoric  stone,  rushes  along  in  the  wheel  of  the  steam  engine,  or  circu- 
lates in  the  blood  through  the  temples  of  the  poet.  These  qualities  are  eternal,  ina- 
lienable and  untransferable." — Du  Bois-Reymond. 

"In  whatever  way  we  may  think  of  an  original  substance,  there  must  always  exist 
in  it  a  system  of  mutual  repulsion  and  attraction  between  its  minutest  jjarts,  without 
which  they  would  dissolve  and  tracelessly  disappear  in  universal  space." — Buchner. 

"A  thing  without  properties  is  a  nonentity,  neither  rationally  cogitable  nor  empiri- 
cally exsisting  in  nature. — Drossbach. 

"A  force  not  united  to  matter,  but  floating  freely  above  it,  is  an  idle  conception. — 
Moleschott.  ,,„>/ 
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"the  mean  free  path"  of  each  individual  is  greatly  increasetl,  and  col- 
lisions can  only  occur  because  the  waltz  merges  into  a  wild  gidop. 
This  depicts  the  molecules  of  matter  in  the  gaseous  or  third  state. 

If  we  should  be  able  still  further  to  isolate  the  individual  dancers, 
or  what  is  equivalent,  to  greatly  decrease  tlieir  number,  each  one  would 
have  so  vast  an  allotment  of  space,  or  the  "mean  free  path"  of  each 
would  become  so  great  that  we  could  no  longer  observe  the  motions  of 
a  group  en  masse,  but  should  have  to  confine  our  attention  to  one,  or  at 
least  a  very  small  number  who  could  only  communicate  with  or  jostle 
against  each  other  by  an  exercise  of  agility  hitherto  quite  unsuspected, 
fairly  entitling  them  to  be  called  by  a  new  name,  as  acrobats  rather  than 
dancers.  Such  may  serve  as  a  homely  illustration  of  the  modern  idea 
of  matter  as  it  is  said  to  exist  in  a  "fourth"  or  "radiant"  or  "ultra- 
gaseous"  state. 

Divisibility  of  Matter. 

In  studying  the  character  of  the  ultimate  particles  we  are  at  once 
impressed  with  the  extraordinary  degree  to  which  matter  may  be  sub- 
divided. Numerous  illustrations  might  be  given  had  we  sufficient 
time  and  space  to  devote  to  this  interesting  by-path.  "Some  of  these 
experiments  (notably  those  of  Faraday)  present  the  curious  anomaly 
of  revealing  to  the  jiliysical  sense  of  sight  particles  of  matter,  which 
are  almost  too  infinitesimal  for  the  mind's  eye  to  conceive,  thus  seem- 
ing to  reverse  the  order  of  scientific  investigation,  wliich  usually  j)ro- 
longs  the  mental  vision  far  beyond  the  region  of  possible  physictil 
revelation,"* 

By  mere  mechanical  means  the  metal  gold  may  be  spread  out  into  a 
leaf  one  three-hundred-and-fifty-thousandths  of  an  inch  in  thickness. 

By  means  of  the  battery  fihnsof  gold  have  been  depositcxl  on  copper 
and  afterward  detached,  by  dissolving  the  copper  and  floating  the  gol<] 
on  glass  slides,  not  excxjeding  one  ten-millionth  of  an  inch  in  thickness^. 

By  the  aid  of  the  spectroscope  particles  of  matter  may  be  revealetl 
which  are  invisible  to  the  eye  by  the  aid  of  the  most  powerful  micnv 
scope. 

We  are  assured  that  there  are  infusorial  animals  so  minute  that 
millions  do  not  equal  in  bulk  a  single  grain  of  sand. 

Tripoli  consists  of  the  bodies  of  animalcules  so  small  that  a  piece 

*  Divisibility  of  gold  and  other  metals,  by  A.  E.  O.,  Jr.,  Pop.  Science  Monthly, 
May,  1877. 
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the  size  of  a  marble  contains  at  least  1,000,000,000,  or  more  than  all 
the  human  beings  on  the  globe.  "Each  animalcule  possessed  all  the 
organs  necessary  to  life,  performing  the  functions  of  respiration, 
digestion  and  locomotion;  how  inconceivably  small  are  the  vessels 
through  which  the  fluids  of  their  bodies  circulate,  and  what  must  be 
the  size  of  the  ultimate  particles  to  nouri.sh  an  animal  whose  totality 
is  too  small  to  estimate?" 

Compared,  however,  to  the  size  of  the  particles  constituting  cometary 
matter,  those  which  we  have  here  indicated  are  as  coarse  as  the 
famous  Philadelphia  cobble  stones  contrasted  with  grains  of  sand  upon 
the  seashore,* 

We  might  naturally  suppose  from  these  considerations  that  no  ab.so- 
lute  knowledge  could  ever  be  obtained  regarding  the  nature  of  the 
infinitesimal  particles  of  matter  out  of  which  worlds  are  formed; 
indeed, Brande  has  said  "Of  the  ultimate  nature  of  matter  the  human 
faculties  can  not  take  cognizance,  nor  can  data  be  furnished  by  obser- 
vation or  experiment  on  which  to  found  an  investigation  of  it."  Sir 
Wm.  Thomson,  however,  has  said  more  recently  that  they  are  "pieces 
of  matter  of  measurable  dimensions,  with  sha})e,  motion  and  laws  of 
action;  intelligible  subjects  of  scientific  investigation." 

The  same  eminent  authority,  undaunted  by  the  intricate  complexi- 
ties of  the  problem,  has  after  most  careful  research,  and  by  the  corro- 

*  "  From  their  perviousness  to  stellar  light  and  other  considerations  Sir  Jno.  Her- 
schell  drew  some  startling  conclusions  regarding  the  density  and  weight  of  comets. 
These  extraordinary  and  mysterious  laodies  sometimes  throw  out  tails  100,000,000 
miles  in  length  and  50,000  miles  in  diameter.  Now,  suppose  "the  whole  of  this  stuff 
(i.  e.,  the  matter  forming  the  tail)  to  be  swept  together  and  suitably  compressed,  what 
do  you  suppose  its  volume  would  be?  Sir  Jno.  Herschell  would  probably  tell  you 
that  the  whole  mass  miglit  Ije  carted  away,  at  a  single  efibrt,  liy  one  of  your  dray-horses. 
In  fact,  I  do  not  know  that  he  would  require  more  than  a  small  fraction  of  a  horse 
power  to  remove  the  cometary  dust. 

"After  this  you  will  hardly  regard  as  montrous  a  notion  I  have  sometimes  enter- 
tained, concerning  the  quantity  of  matter  in  our  sky.  Suppose  a  shell  to  .surround  the 
earth  at  a  distance  which  would  place  it  beyond  the  grosser  matter  that  hangs  in 
the  lower  regions  of  the  air,  say  at  the  height  of  the  Matterhorn  or  Mont  Blanc.  Out- 
side this  shell  we  have  the  deep,  blue  firmament.  Let  the  atmospheric  space  beyond 
the  shell  be  swept  clean  and  the  sky-matter  properly  gathered  up.  What  would  be  its 
probable  amount?  I  have  sometimes  thought  that  a  lady's  portmanteau  would  con- 
tain it  all.  I  have  thought  that  even  a  gentleman's  portmanteau,  jjossibly  his  snufl 
box,  might  take  it  in.  Whether  the  actual  sky  be  capable  of  this  amount  of  condensa- 
tion or  not,  I  entertain  no  doubt  that  a  sky  quite  as  vast  as  ours,  and  as  good  in 
apjiearance,  can  be  formed  from  a  quantity  of  matter  which  might  be  held  in  the 
hollow  of  the  hand." — Frayments  of  Science,  Tyndall,  p.  444.  -  "-4 
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bonitive  aid  of  at  kutst  four  separate  and  distinct  methods  of  (silculatiou, 
all  aji^reeing  within  certain  limits  of  error,  deduced  approximately  the  size 
of  the  ultimate  particle,  which  he  tells  us  is  not  far  from  one  tive- 
hundred-millionth  <»f  an  inch  in  diameter.  To  form  an  idea  of  the 
size  of  these  molecules  Sir  \Vm.  Thomson  has  given  this  illustration: 
"Imagine  a  drop  of  rain,  or  a  glass  sphere  the  size  of  a  i>ea,  magni- 
fied to  th<!  siz<'  of  the.  earth,  the  molecidtiS  in  it  heing  increased  in  the 
same  proportion,  the  structure  of  the  mass  would  then  Ix*  coarser  than 
that  of  a  heap  of  fine  shot,  but  probably  not  so  coarse  as  that  of  a 
heap  of  cricket  balls. 

This  estimate  is  commonly  received  by  scientists  as  representing  the 
average  "coai'se-grainednt^s"  of  matter. 

Naiiiik  of  Mattek. 

We  are  now  prcpand  to  ask  what  is  the  character  of  the  ultimate 
particle?  This  is  a  problem  which  has  exercised  the  philosophic  mind 
for  manv  generations.  The  celebrated  Italian  j)oct  and  pliil<»opli»,'r, 
i^ucretius,  speculated  on  this  topic,  and  left  a  work  c;ille<l  "Dc  Iveriim 
Natura" — of  tlie  nature  of  tlihuje — embcMlying  his  views,  which  are 
interesting  even  at  this  tiay. 

Sir  fsiac  Newton  invented,  or  adopte<l,  the  theory  that  all  matter 
was  composed  of  little,  hard,  incompressible  spheres.  This  thedry 
aftbrdetl  him  a  |)lausible  and  ingenious  explanation  of  certain  ili>- 
crepaneies  which  he  found  to  exist  In'tween  the  real  vehx-ity  of  sound 
in  air,  as  pntvi-d  by  experiment,  compared  with  the  tln-oretictd  vehnity. 
as  calcuIattHl  by  him,  based  upon  seemingly  correct  data.  The  the«iry, 
however,  wius  found  to  be  untenable,  and  wits  long  since  overthrown. 

The  idea  of  motion,  as  associateti  intimately  with  matter  in  some 
vague  and  unexpIaintHl  way,  seemed  to  be  intuitively  lelt  to  Im'  a 
nece.'isity  even  before  the  time  of  Faraday,  and  a  retiction  from  the 
hard  atom  theory  of  Xewtttn  brought  out  a  class  of  philo>«>i»hers  who 
maintained  that  the  so-calleil  at»)m  was  not  material  at  all,  but  that 
there  exist«Hl  in  sj>jice  certain  f<H'i,  or  centres  of  force;  these  |H»ints  were 
.suj>poscd  to  posses**  the  pruperties  of  attraction,  repulsion,  et<\,  an<l  to 
behave  in  other  respects  ;ls  the  most  approveil  atom.  This  idea  i< 
believal  to  have  Ikhju  at  least  conntenancetl,  if  not  actually  a<l<»pted, 
by  Faraday. 

The  wondirful  investigations  of  Ilelmholtz  on  rotary  fluid  motion 
paved  the  way  for  Sir  Wm.  Thom.son's  "  Vi>rtex  Atom  TlKH)ry.'* 
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r  VoETEX  Atom  Theory. 

This  tlieory  seems  to  explain  many  obscure  phenomena,  and,  while 
we  may  hardly  say  that  it  is  to-day  the  fully  accepted  creed  of  the 
scientific  world,  it  is  founded — not  upon  a  rock — but  upon  the  potent 
influence  of  the  talismanic  word  motion,  to  whose  eddying  current 
the  causes  of  so  many  of  nature's  grandest  phenomena  are  now 
relegated. 

"Sir  Wm.  Thomson's  supposition  is  that  the  universe  is  filled  with 
something  which  we  have  no  right  to  call  ordinary  matter,  but  which 
w^e  may  call  a  perfect  fluid,  then,  if  any  portions  of  it  have  vortex 
motion,  they  cannot  part  with  it;  it  will  remain  with  them  forever,  or 
at  least  until  the  creative  act  which  produced  it  shall  take  it  away 
again."* 

This  theory  is  far  too  complicated  to  admit  of  a  clear  exposition  in 
a  few  words,  but  we  will  try  to  form  an  idea  of  it  by  means  of  a  simple 
illustration.  You  know  that  a  smoker  may,  by  a  peculiar  adjustment 
of  the  mouth,  accompanied  by  sudden  muscular  movements  of  the 
cheeks,  skilfully  exhale  portions  of  the  tobacco  smoke  in  the  form  of 
beautiful  opaque  rings,  which  continue  to  rotate  about  their  axes, 
gradually  disappearing  as  the  motion  ceases;  this  is  a  vortex  movement 
of  the  simplest  order,  and  while  it  lasts  the  portions  of  the  smoke 
forming  the  rings  are  separated  and  distinct  from  all  the  rest  of  the 
smoke  in  the  room,  and  should  tiiis  motion  never  cease  (by  the 
retarding  influence  of  friction  and  gravitation)  this  smoke  would 
remain  difl"erentiated  forever  and  imbued  with  new  properties  in  virtue 
of  that  vortex  motion. 

This  crude  illustration  conveys  the  simplest  idea  of  a  most  abstruse 
scientific  speculation  when  referred  to  the  hypothetical,  all-pervading, 
perfect  fluid,  so  essential  to  the  existence  of  Sir  Wm.  Thomson's 
vortex  atom.f 

*  Recent  Advances  in  Science,  P.  G.  Tait. 

f  The  suliject  of  rotary  fluid  motion  is  such  a  forbidding  one,  from  a  purely  mathe- 
raatical  point  of  view,  that  no  one  had  done  more  than  take  a  look  at  it,  as  it  were, 
until  Helmholtz  gave  us  the  fundamental  propositions ;  splendid  as  they  are,  they  are 
f»nly  a  first  step.  Indeed,  to  investigate  what  takes  place  when  one  circular  vortex 
atom  im])inges  upon  another,  and  tlie  wliole  motion  is  not  symmetrical  about  an  axis, 
i'^  a  task  which  may  employ  perhaps  the  lifetimes  for  the  next  two  or  three  generations 
c/f  the  best  mathematicians  in  Europe,  unless  in  the  meantime  some  mathematical 
method,  immensely  more  powerful  than  anytliing  we  at  present  liave,  should  be  devised 
for  the  special  purpose  of  solving  this  problem.— P.  G.  Tait,  Recent  Advances,  p.  298. 
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The  miinorous  criticisms  wliidi  have  appearctl  of  Prof.  Crookes' 
remarkable  lecture  on  radiant  matter  have  all,  strange  to  say,  failed  to 
recognize  the  fact,  so  dearly  and  <-ompletely  state<l  l>y  Prof.  CnMikes 
himself,  that  the  original  idea  of  an  ultra-gaseous  condition  of  matter 
is  by  no  means  a  novelty,  having  been  conceived  by  Faraday,  who 
mentione<l  this  extremely  attenuated  form  as  radiant  matter  as  far  back 
as  1816.* 

The  concluding  |K>rtion  of  the  lecture  was  devoted  to  an  exhibition 
and  explanation  of  Prof.  Crookes'  apparata**,  contributt^tl  lor  this 
(X.'ciwion  by  Messrs.  (iueen  tt  Co.  This  consists,  for  the  most  part,  of 
a  number  of  small  gla.ss  tubes  and  bulbs,  from  which  the  air  has  Ikx?!! 
exhausted  to  about  one-millionth  part  of  an  atmosphere;  line  wires 
are  hermeticidly  sealed  into  the  tui)es  and  a  p<)werfiil  induction  o>il 
supplies  rapid  electrical  pulsiitions,  under  the  iuHuence  of  which  the 
residual  matter,  or  particles  of  air,  and  even  the  sides  of  the  glass 
fliLsh  out  into  brilliant  corru.scations  of  phasphoresccnt  light,  of 
exquisite  tint.s,  exhibiting  also  mechanit-al  and  other  etll'cts  of  a  sur- 
prising and  entirely  novel  character. 

Before  showing  the  apparatus  of  Prof.  Crookes,  s^)me  very  Ix-autiful 
exj>erimcnts  with  low  vacuum  tulws  were  exhibite<l  by  way  of  contrast 
with  those  which  followed.  The  Crookes  tulK.s  includeil  one  showing 
the  dark  space  where  a  plate  of  aluminium  in  the  centre  of  the  tube 
was  the  negative  pole,  and  the  radiant  matter  driven  forth  by  the  cur- 
rent only  exhibited  itself  by  light  when  in  the  part  of  the  tube  where 
the  moving  atoms  were  brought  into  collision  with  the  sides  of  the 
tube  or  with  each  other.     Two  or  three  minute  engines,  showing  the 

*"It  waH  more  than  sixty  yt-ars  afti-rwanU  tliat  Pruf.  C'nmkei  t<M)k  iij*  tlic  suhjctt 
in  a  way  to  make  the  plinuie  "ra«liant  matter"  familiar  to  the  reaulin)<  |nil>lie,  ju*  well 
tm  to  the  guild  of  seientitie  men.  This  "fourth  .state,"  or  extra-pweous  state,  of  matter 
wius  ni>t  prodiiceil  in  lii.s  experiments  hv  the  appliiation  of  liii;h  lu-tit,  a.s  in  nu-ltin>; 
metals  nr  lurninij  water  into  vapor,  hut  hy  piimpini:  the  air  from  jrhu-vs  tul»es  an«I  vi-?«el> 
until  only  the  one-niilliontli  <>f  an  ortlinary  atmosphere  wjjs  left  within.  In  this  ci>n- 
(lilion  what  remaini*<l  of  the  air  in  the  tuln-s  and  vessels  was  so  ^really  dititunil  that 
eaeh  individual  inoleeule  of  air  had  a  million  times  more  free<lom  of  movement  than 
in  the  natural  eon<lition  of  the  atnunphere,  and  it  is  the  very  remarkaMe  eharacler  i>f 
thctie  eneloHcd  moli'<"ules  in  a  hijili  vacuum  when  excitwi  hy  external  ajieneitrs,  such 
as  eleetrieity,  that  has  (iinse<l  Prof.  (Yookes  to  desipnate  thorn  as  "mdinnt  mBtt«*r." 
following  Kjiraday,  ami  "a  fourth  state  of  matter,"  followinp  the  phra.H«««»loin"  of  other 
siientists.  The  widely  seimrat^-^l  atoms  are  nuide  to  at1  with  nuirvelous  ener^'y  and  to 
prfxhu-e  wonderful  etiitts — they  not  only  priHhiiv  li^ht  and  heat  l>y  their  motion,  hut 
while  invisihle  themselvt's,  they  are  made  to  set  visihle  things  in  mi»tion  ami  to  pn*- 
duec  other  visii)le  etiivts. — K«litorial  in  PhNic  Jy^(/^r  SupjJiinrrtt,  Feh.  IJ*.  1^*<1. 
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mechanical  force  of  radiant  matter,  were  also  exhibited.  One  of  them 
was  a  propeller  wheel,  which,  at  first,  refused  to  revolve,  though 
evidently  agitated  by  the  current.  It  was  afterwards  ascertained  that 
the  wire  connection  had  been  broken,  and  the  accident  afforded  a  good 
illustration  of  the  theory  of  the  action  produced,  the  spasmodic  move- 
ments of  the  wheel  being  due  to  the  jumping  of  the  current  between 
the  ends  of  the  broken  wire.  The  connections  having  been  proj^erly 
made,  the  wheel  revolved.  Another  tube,  which  Avas  projected  from  a 
lantern,  has  placed  within  it  a  miniature  railway  track  of  glass,  on 
which  there  is  a  small  wheel,  like  the  side  wheel  of  a  steamboat,  the 
blades  or  paddles  being  made  of  thin  mica,  and  when  the  terminal 
wires  at  the  ends  of  the  tube  are  connected  with  an  induction  coil  the 
infinitesimal  molecules  are  shot  from  one  end  of  the  tube  to  the  other, 
striking  the  blades  on  their  way  with  such  force,  and  exhibiting  sucli 
rapid  motion,  as  to  carry  the  wheel  from  end  to  end  and  back  in  swift 
alternation  as  the  current  of  electricity  is  reversed  in  polarity.  The 
shadow  tube  Avas  also  shown.  In  this  a  Maltese  cross  is  arranged  in  the 
tube,  which  intercejjts  the  moving  atoms  and  so  produces  a  shadow  on 
the  end  of  the  tube,  which  is  illuminated  outside  of  the  lines  of  the 
cross  by  the  impinging  of  the  j)articles  on  the  end  of  the  tube.  The 
cross  being  thrown  down,  the  former  shadow  becomes  brighter  than 
the  surrounding  parts.  It  is  su|)posed  that  the  glass,  having  been 
subjected  to  the  action,  becomes  less  sensitive,  so  that  the  newly 
exposed  parts  for  a  time  respond  with  greater  vibrations  and  so  give 
more  light.  Tubes  showing  that  in  the  lower  vacuum  the  particles 
travelled  in  direct  lines  between  the  terminals  while  in  higher  vacuums 
they  Avere  driven  in  straight  lines  directly  from  the  negative  pole, 
were  also  shown.  Another  tube  was  made  Avith  tAvo  chambers,  in  one 
of  which  Avere  the  electrodes  and  in  the  other  a  compound  of  potassium, 
capable  of  giving  out  a  Avatery  vapor.  The  tube  Avas  exhausted  to  the 
last  degree,  so  that  the  passage  of  the  current  was  not  possible.  Then 
the  substance  in  the  "annex"  chamber  AA^as  heated  to  make  it  give  off 
atoms  or  vapor  Avhen  the  particles  of  the  glass  AA'cre  set  in  violent  mo- 
tion and  gave  forth  the  characteristic  green  light.  As  the  number  of 
molecules  and  consequent  collisions  increased  this  color  changed  to  the 
rosy  hue  seen  in  Ioav  vacuum  tubes.  As  the  vapors  were  recondensed  the 
green  light  returned  and  finally  the  current  ceased  to  pass  and  all  AA^as 
darkness.  The  last  experiment  was  Avith  a  tube  in  Avhich  the  radiant 
matter,  passing  from  a  cup-shaped  negative  terminal,  was  focussed,  so 
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to  speak,  on  a  metal  disc  of  iridio-platiiium,  heating  it  to  redness.  It 
wa«  shown  with  this  tube  that  tlie  direction  of  tlie  at^ims  could  Ix.* 
deflected  hy  a  magnet.  TIk;  ex|)eriments  were  as  beautiful  as  they  were 
instruct  ivc. 

ACTION  OF   AN   INTERMITTENT   BEAM  OF  RADIANT 
HEAT  UPON  (iASEOrS  MATTER. 


By  John  Ty.ndall,  F.R.S. 

Read  before  tlie  Kojal  Society  January  3,  1881. 


The  Royal  Society  has  already  done  me  the  honor  of  publishing  a 
long  series  of  memoirs  on  the  interaction  of  radiant  heat  and  gitseous 
matter.  These  memoirs  did  not  escajKi  criticism.  Distingnirihc*!  men, 
among  whom  the  late  Professor  Magnus  and  the  late  Pntfcssor  liutf 
may  Ikj  more  spe<'ially  mentionwl,  examined  my  experiments,  and 
arrivM^l  at  results  di  lie  rent  from  mine.  Living  workers  of  merit  have 
also  taken  up  the  <p«estion,  the  latest  of  whom,*  while  justly  recog- 
nizing the  extreme  ditficidty  of  the  subject,  and  wiiile  verifying,  so  far 
as  their  exj)eriments  re^iched,  what  I  had  published  regarding  dry 
gases,  lind  me  to  have  fallen  into  what  they  consider  grave  erroi"s  in 
my  treatment  of  vapors. 

None  of  these  investigators  a|)jK'ar  to  me  to  have  rejdizetl  the  true 
strength  of  my  position  in  its  relation  to  the  ol>je<'ts  I  had  in  view. 
Oceupietl  for  the  most  part  with  details,  they  have  faile<l  to  recognize 
the  stringency  of  my  work  :is  a  whole,  and  have  not  tidvcn  into  account 
the  iiidepen<lent  stij)port  rendere<l  by  the  various  parts  of  the  invi'sti- 
gation  to  each  other.  They  thus  ignore  verifications,  both  general  and 
sj)ecial,  whirh  are  to  me  of  conclusive  force.  Nevertheless,  thiidving 
it  due  to  them  and  mc  to  suluuit  the  questions  at  issue  to  a  fresh 
examination,  I  rcsmntd,  .some  time  ago,  the  threads  of  the  incpiirv. 
The  results  shall,  in  due  time,  W.  communicateil  to  the  Royal  .SK-i»tv  ; 
but,  lueainvhile,  I  woiiM  ask  {>ermi8sion  to  bring  to  tiie  notice  of  the 
Fellows  a  novel  mode  of  testing  the  relations  of  nidiant  heat  to  gas- 
eous matter,  whereby  singularly  instructive  effects  have  l>een  obtxiinetl. 

After  working  for  some  time  with  tlie  thermopile  and  g;ilvanometer, 
it  occurretl  to  me  several  weeks  ago  that  the  results  tiius  obtainetl 

*MM.  Lochor  and  IVriitor,  IVn'l<>j<,>phical  .V<iya:m<r,  January,  1881;  isUib.  dfr  K. 
Akrid.  der  Wwennch.  in  W'ieii,  July,  1880. 
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might  be  checked  by  a  more  direct  and  simple  form  of  experiment. 
Placing  the  gases  and  vapors  in  diathermanous  bulbs,  and  exposing 
the  bulbs  to  the  action  of  radiant  heat,  the  heat  absorbed  by  different 
gases  and  vapors  ought,  I  considered,  to  be  rendered  evident  by  ordi- 
nary expansion.  I  devised  an  apparatus  with  a  view  of  testing  this 
idea ;  but,  at  this  point,  and  before  my  proposed  gas-thermometer  was 
constructed,  I  became  acquainted  with  the  ingenious  and  original  expe- 
riments of  Mr.  A.  Graham  Bell,  wherein  musical  sounds  are  obtained 
through  the  action  of  an  intermittent  beam  of  light  upon  solid  bodies. 

From  the  first,  I  entertained  the  opinion  that  these  singular  sounds 
were  caused  by  rapid  changes  of  temperature,  producing  corresponding 
changes  of  shape  and  volume  in  the  bodies  impinged  upon  by  the 
beam.  But  if  this  be  the  case,  and  if  gases  and  vapors  really  absorb 
radiant  heat,  they  ought  to  produce  sounds  more  intense  than  those 
obtainable  from  solids.  I  pictured  every  stroke  of  the  beam  responded 
to  by  a  sudden  expansion  of  the  absorbent  gas,  and  concluded  that 
when  the  pulses  thus  excited  followed  each  other  with  sufficient 
rapidity,  a  musical  note  must  be  the  result.  It  seemed  plain,  more- 
over, that  by  this  new  method  many  of  my  previous  results  might  be 
brought  to  an  independent  test.  Highly  diathermanous  bodies,  I 
reasoned,  would  produce  faint  sounds,  while  highly  athermanous 
bodies  would  produce  loud  sounds;  the  strength  of  the  sound  being, 
in  a  sense,  a  measure  of  the  absorption.  The  first  experiment  made, 
with  a  view  of  testing  this  idea,  was  executed  in  the  presence  of  Mr. 
A.  Graham  Bell  ;*  and  the  result  was  in  exact  accordance  with  what  I 
had  foreseen. 

The  inquiry  has  been  recently  extended  so  as  to  embrace  most  of  the 
gases  and  va])ors  employed  in  my  former  researches.  My  first  source 
of  rays  was  a  Siemens'  lamp  connected  with  a  dynamo  macrhine,  worked 
by  a  gas  engine,  A  glass  lens  was  used  to  concentrate  the  rays,  and 
afterwards  two  lenses.  By  the  first  the  rays  were  rendered  parallel, 
while  the  second  caused  them  to  converge  to  a  point  about  7  inches 
distant  from  the  lens.  A  circle  of  sheet  zinc,  provided  first  with 
radial  slits  and  afterwards  with  teeth  and  interspaces  cut  through  it, 
was  mounted  vertically  on  a  whirling  table,  and  caused  to  rotate 
rapidly  across  the  beam  near  the  focus.     The  passage  of  the  slits  pro- 

*0n  the  29th  of  November;  see  Jourmd  of  the  Society  of  Telegraphic  Engineers,  Dec. 
8th,  1880. 
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(liiccd  the  desired  iiiterinitteiM.'e,*  wliile  a  tlii.sk  coiitiiiiiiii^  the  };:ls  or 
vajwr  to  be  examined  received  the  sh<x:ks  of"  the  l)eain  immediately 
behind  tlie  rotating  disc.  .  From  the  Hask  a  tulnjof  iinlia  ruhixir,  end- 
ing in  a  tapering  one  of  ivory  or  box\voo4l,  led  to  the  ear,  which  wa- 
tlius  rendered  keenly  senHitive  toany  sound  generated  within  thetia>k. 
Compared  with  the  beautiful  ap|)aratu.s  of  Mr.  A.  Graham  Bell,  iIm- 
ari'aiigcnient  hen;  described  is  rude;  it  is,  however,  very  ertective. 

With  this  arrangement  the  number  of  .sounding  ga.ses  and  va|)or.s 
was  rapidly  increased;  but  1  was  soon  made  aware  that  the  gla.ss  lenses 
withdrew  from  the  beam  its  mosteillctual  rays.  The  silvered  mirrors 
employed  in  my  previous  researches  were  therefore  invoke<l,  and  with 
them,  acting  .sometimes  singly  and  .sometimes  asconjugsite  nnrroi*s,  the 
curious  and  .striking  results,  which  1  have  now  the  honoi-  t(»  Mibmit  to 
the  S(K'iety,  were  obtained. 

Sulpiun'ic  ether,  foi-mic  ether  and  acetic  ether,  being  placed  in  biilh- 
ous  tlasks,t  their  vapors  were  .soon  diffu.se<l  in  the  air  above  the  li«|uid. 
.On  placing  these  flasks,  who.se  bottoms  only  were  (H)vered  bv  the  li(pud, 
beiiind  tlie  rotating  di.sc,  so  that  the  intermittent  l)ejim  pas.sed  through 
the  vapor,  loud  musical  tones  were  in  each  case  obtained.  These  are 
Icnown  to  be  the  most  highly  absorbent  vapors  which  my  experiments 
riivealed.  Chloroform  and  bisulphide  of  carbon,  on  the  other  hand, 
are  known  to  be  the  least  absorbent,  the  latter  .standing  near  the  head 
of  diathermanous  vapors.  'J'he  .sounds  extmctetl  from  these  two  sub- 
stances were  usually  weak  and  sometimes  barelv  autlible,  being  more 
.'feeble  with  the  bisulphide  than  with  the  chloroform.  With  rcg:u*d  to 
the  vapors  of"  amylene,  icnlide  of  ethyl,  iodide  of"  methyl  and  benzol, 
other  things  being  equal,  their  j)owerto  j)r<Kluee  music-al  tones  a|)|)eare<l 
to  be  accuratiily  expres.sed  by  their  ability  to  ab.>;orb  radiant  beat. 

*Wlien  tlie  di.**c  rotates  tlic  individiml  slits  disapiKiir,  forming'  a  hazy  7.«>iu-,  tlirniiL-h 
wliicli  ol)ji'ct.s  art"  visililo.  Tlirowin^j  l)y  lln'  clean  liand,  or,  U-ttor  still,  liy  wliiti- 
l>a|K'r,  llie  lu-ain  tia<-k  iijion  tlie  disc,  it  appears  to  stand  still,  the  slits  Jorniinjr  so  many 
dari<  reitan>,des.     The  reason  is  olivions,  l)ut  the  exjH'riinent  is  a  very  l>eantitiil  one. 

I  may  add,  tliat  when  I  stan«l  witli  oja-n  eyi-s  in  the  tlasitin^;  l>ean>,  at  a  tietinite 
velocity  of  recurrence,  suhjective  c(dors  of  extraordinary  ^orj^tnaisness  are  j»r<Hluce<l. 
With  slowx'r  or  (piieker  rates  i>f  rotntinn  the  txilon*  disap|H>nr.  The  flashes  also  jiro- 
dnced  a  friddini>ss  sometimes  intense  enoni;h  to  cstnsp  me  to  i;ras|>  the  tahle  to  kivji 
myself  erect. 

tl  have  employed  tlasks  iiieaMirim;  from  S  inches  to  three- fourths  of  an  inch  in 
dia'ueter.  The  smallest  llask,  which  hail  a  stem  with  a  Inire  of  ai>ont  om»-<'i^hth  of  an 
incii  in  diameliT,  yieldtnl  better  eHi'<  Is  than  the  larj;est.  Flasks  from  2  to  '.\  inche;.  in 
diameter  yield  goml  rosnlts.     Onlinary  test-tnhes  also  answer  well. 
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It  is  the  vapor,  and  not  the  liquid,  that  is  effective  in  producing  the 
sounds.  Taking,  for  example,  the  bottles  in  which  my  volatile  sub- 
stances are  habitually  kei)t,  I  permitted  the  intermittent  beam  to  im- 
pinge upon  the  liquid  in  each  of  them.  No  sound  was  in  any  case 
produced,  while  the  moment  the  vapor-laden  space  above  an  active 
liquid  was  traversed  by  the  beam,  musical  tones  made  themselves 
audible. 

A  rock  salt  cell  filled  entirely  with  a  volatile  liquid,  and  subjected 
to  the  intermittent  beam,  produced  no  sound.  This  cell  was  circular, 
and  closed  at  the  top.  Once,  whiles  operating  with  a  highly  ather- 
manous  substance,  a  distinct  musical  note  was  heard.  On  examining 
the  cell,  however,  a  small  bubble  was  found  at  its  top.  The  bubble 
Avas  less  than  a  quarter  of  an  inch  in  diameter,  but  still  sufficient  to 
produce  audible  sounds.  When  the  cell  was  completely  filled  the 
sounds  disappeared. 

It  is  hardly  necessary  to  state  that  the  pitch  of  the  note  obtained  in 
each  case  is  determined  by  the  velocity  of  rotation.  It  is  the  same  as 
that  produced  by  blowing  against  the  rotating  disc,  and  allowing  its 
slits  to  act  like  the  perforations  of  a  syren. 

Thus,  as  regards  vapors,  prevision  has  been  justified  by  experiment. 
I  now  turn  to  gases.  A  small  flask,  after  having  been  heated  in  the 
spirit  lamp  so  as  to  detach  all  moisture  from  its  sides,  was  carefully 
filled  with  dried  air.  Placed  in  the  intermittent  beam,  it  yielded  a 
musical  note,  but  so  feeble  as  to  be  heard  only  with  attention.  Dry 
oxygen  and  hydrogen  behaved  like  dry  air.  This  agrees  with  my 
former  experiments,  which  assigned  a  hardly  sensible  absorption  to 
these  gases.  When  the  dry  air  was  displaced  by  carbonic  acid,  the 
sound  was  far  louder  than  that  obtained  from  any  of  the  elementiuy 
gases.  When  the  carbonic  acid  was  displaced  by  nitrous  oxide  the 
sound  was  much  more  forcible  still,  and  when  the  nitrous  oxide  Avas 
displaced  by  olefiant  gas  it  gave  birth  to  a  musical  note  which,  when 
the  beam  Avas  in  good  condition  and  the  bulb  Avell-chosen,  seemed  as 
loud  as  that  of  an  ordinary  organ  pipe.*  AVe  haA'e  here  the  exact 
order  in  which  my  former  experiments  proved  these  gases  to  stand  as 
absorbers  of  radiant  heat.  The  amount  of  the  absorption  and  the 
intensity  of  the  sound  go  hand- in-hand. 

*Witli  conjugate  mirrors  the  sounds  with  olefiant  gas  are  readily  obtained  at  a 
distance  of  twenty  yards  from  the  lamp.  I  hope  to  be  able  to  make  a  candle  flfime 
effective  in  these  experiments.  'X9  aiilj 
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A  soap  lnibl)le  lilowii  witli  iiitnjus  oxide  or  olefiaiit  giis,  and  t'X|xj>c-<l 
to  the  interniitlent  hetiin,  |)nj<luc'ed  no  sfmnd,  no  matter  liow  its  size 
ini^lit  l>e  varied.  The  pidsi-s  ol)vioiisly  expended  themselves  ujKjn 
the  fh'xihie  envelojM?,  whieli  tninsf'erre<l  them  to  the  air  outside. 

Jint  a  film  thus  impressionable  to  impulses  on  its  interior  surfaee 
must  prove  at  least  equally  sensible  to  sonorous  waves  impinging  on  it 
from  without.  Hence,  I  inf"trre<l,  the  eminent  suitability  of  soap 
bubbles  for  sound  lenses.  Pla(in<;  a  ".sensitive  flame"  some  feet  distiirit 
from  a  small  sounding  ree<l,  tiie  pressure  was  so  arranj^e*!  that  the 
flame  burnt  trancjuilly.  A  bubble  of"  nitrous  oxide  (sp.  ^r.  r"j27)  wa> 
then  blown  and  placeil  in  front  of  tie  reetl.  The  flauie  immetliatelv 
fell  and  roared,  and  continued  agitatc<l  as  long  as  the  lens  remained  in 
pixsition.  A  jHjndulous  motion  eould  be  imparted  to  the  bubble,  so  as 
to  cause  it  to  pass  to  and  fro  in  front  of  the  reed.  The  flame  responded 
by  alternately  roaring  and  Ix'comiug  trancpiil  to  every  .^wing  of  the 
bubble.  Nitrous  oxide  is  far  better  for  tliis  experiment  than  carbonic 
acid,  which  spee<lily  ruins  its  envelope. 

The  pressure  was  altered  so  as  to  throw  the  flame,  when  the  reed 
sounded,  into  violent  agitation.  A  bubble  blown  with  hydrogen  (sp. 
gr.  0"()G!))  being  [)lace<l  in  front  of  the  reed,  the  flame  was  immetliatelv 
stilled.     The  ear  answers  insteail  of  the  fhime. 

In  185U  1  proveil  gaseous  ammonia  to  l^  extremely  im|>ervious  to 
radiant  heat.  My  interest  in  its  dejMjrtment  when  subjected  to  thi< 
novel  test  was  tlierefore  great.  Placing  a  small  ijuantity  of  liijiiid 
ammonia  in  one  of  the  flasks,  antl  warming  the  liipiid  .slightlv,  tin- 
intermittent  beam  was  sent  through  the  sjiace  al)ove  the  li(piid.  A 
loud  musical  note  was  imme<liately  pn>duce<l.  liy  the  projKr  appb\?i- 
tionofheat  to  a  li<piid  the  sound  may  be  always  intensitieil.  The 
ordinary  temperature,  however,  suHi*-**}*  in  all  the  csises  thus  far 
referred  to. 

In  this  relation  th«'  sapoi oi  wimi  \\:l^  tiiat  wliich  iMttn>te«l  me 
jnost,  and  as  I  could  not  hope  that  at  ordinary  tempei-.ituix's  it  existed 
in  sufliciant  amount  to  produce  audible  tones,  1  heated  a  small  (piantitv 
of  water  in  a  flask  almost  u|>  to  its  boiling  point.  IMaccil  in  the  inter- 
mittent beam,  J  heard  -1  avow  with  delight — a  juiwerfMl  mii»i«-al 
sound  produccil  by  the  a(jueous  vapor. 

tSniall  wreaths  of  haze,  prmhutMl  by  the  ]Kirtial  condens;ition  of  the 
va|>t>r  in  the  up|HM*  and  cooler  air  t»f  the  flask,  were,  however,  visible  in 
this  exjKM-iment;  and  it  was  nccessjiry  to  prove  that  this  haze  was  not 
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the  cause  of  the  sound.  The  flask  was,  therefore,  heated  by  a  spirit- 
flame  beyond  the  temperature  of  boiling  water.  The  closest  scrutiny 
by  a  condensed  beam  of  light  then  revealed  no  trace  of  cloudiness 
above  the  liquid.  From  the  perfectly  invisible  vapor,  however,  the 
musical  sound  issued,  if  anything,  more  forcible  than  before.  I  placed 
the  flask  in  cold  water  until  its  temperature  was  reduced  from  about 
90°  to  10°C.,  fully  expecting  that  the  sound  would  vanish  at  this 
temperature;  but,  notwithstanding  the  tenuity  of  the  vapor,  the  sound 
extracted  from  it  was  not  only  distinct,  but  loud.  9 

Three  empty  flasks,  filled  with  ordinary  air,  were  placed  in  a  freez- 
ing mixture  for  a  quarter  of  an  hour.  On  being  rapidly  transferred 
to  the  intermittent  beam,  sounds  much  louder  than  those  obtainable 
from  dry  air  Avere  produced. 

Warming  these  flasks  in  the  flame  of  a  spirit-lamp  until  all  visible 
humidity  had  been  removed,  and  afterwards  urging  dried  air  through 
them,  on  being  placed  in  the  intermittent  beam  the  sound  in  each  case 
was  found  to  have  fallen  almost  to  silence. 

Sending,  by  means  of  a  glass  tube,  a  puff  of  breath  from  the  lungs 
into  a  dried  flask,  the  power  of  emitting  sound  was  immediately 
restored. 

When,  instead  of  breathing  into  a  dry  flask,  the  common  air  of  the 
laboratory  Avas  urged  through  it,  the  sounds  became  immediately 
intensified.  I  was  by  no  means  prepared  for  the  extraordinary  delicacy 
of  this  new  method  of  testing  the  atherraancy  and  diathermancy  of 
gases  and  vapors,  and  it  cannot  be  otherwise  than  satisfactory  to  me  to 
find  that  particular  vapor,  whose  alleged  deportment  towards  radiant 
heat  has  been  so  strenuously  denied,  affirming  thus  audibly  its  true 
character. 

After  what  has  been  stated  regarding  aqueous  vapor,  we  are  pre- 
pared for  the  fact  that  an  exceedingly  small  percentage  of  any  highly 
athermanous  gas  diffused  in  air  suffices  to  exalt  the  sounds.  An  acci- 
dental observation  will  illustrate  this  point.  A  flask  Avas  filled  with 
coal-gas,  and  held  bottom  upAvards  in  the  intermittent  beam.  The 
sounds  produced  Avere  of  a  force  corresponding  to  the  known  absorp- 
tive energy  of  coal-gas.  The  flask  was  tlien  placed  upright,  with  its 
mouth  open,  upon  a  table,  and  permitted  to  remain  their  for  nearly  an 
hour.  On  being  restored  to  the  beam,  the  sounds  produced  Avere  far 
louder  than  those  Avhich  could  be  obtained  from  common  air.* 


*The  method  liere  described  is,  I  doubt  not,  applicable  to  the  detection  of  extremely 
small  quantities  of  fire-damp  in  mines. 
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TraiiHferring  a  small  fliusk  or  a  testr-tulxi  from  a  cold  place  to  the 
interniitteiit  iMjarn,  it  is  soinetitnes  found  to  l)e  pnictiuilly  bilent  for  a 
iiioiiient,  after  wliidi  the  soiiikIm  IxH-ome  distiiMtly  audible.  This  I 
take  to  he  <lne  to  the  va|M)riziitioii  by  the  cahjrific  beam  <>f  tli<'  tliiii 
film  of  iiKtisture  adherent  to  the  glass. 

My  previous  ex|)eritnent.s  having  satisfied  me  of  the  generality  of 
the  rule  that  volatile  litjuids  and  their  vapors  alworb  the  sjime  niys,  I 
thought  it  probable  that  the  intnMluetiou  of  a  thin  layer  <»f  its  liipiid, 
even  in  the  case  of  a  most  energetic  va|M>r,  would  detach  the  efltxtive 
rays,  and  thus  (juendi  the  souihIs.  The  ex|K'riment  was  made,  and 
the  (•(»iielii>i(ni  verified.  A  layer  of  water,  formic  ether,  sulphuric 
ether  or  acetic  ether,  one-eightii  of  an  inch  in  thickness,  rendereil  tlie 
transmitteil  beam  |)owerle.ss  to  pHMJuce  any  music:d  sound.  TheM? 
li(juitis  l)eing  transparent  to  light,  the  etlicient  rays  which  they  inter- 
cepted nnist  have  been  those  of  obscure  heat. 

A  layer  of  bisulphide  of  carbon,  about  ten  times  the  thickness  of 
the  transparent  layers  just  referred  to,  and  rendere<l  opaipie  to  light  by 
dissolved  iodine,  was  interp«»sed  in  the  path  of  the  int«'rniittent  U-am. 
It  j)r(Kluee<l  hardly  any  diminution  of  the  sounds  of  the  more  active 
vapors  a  further  proof  that  it  is  the  invisible  heat  rays,  to  which  the 
solution  of  iixline  is  so  eminently  transparent,  that  are  here  etlectual. 

Converting  one  of  the  small  flasks  useil  in  the  foregoing  ex{)eri- 
ments  into  a  thermometer  bidb,  and  fdling  it  with  various  ga.ses  in 
succession,  it  was  found  that  with  those  g:LS«.s  whit-h  yieUhnl  a  feeble 
sound  the  displacement  of  a  thermouK'tric  column  ;Lsso<Mate<l  with  the 
bulb  was  slow  and  feeble,  while  with  tlu>se  gases  which  yielded  loud 
sounds  the  displacement  was  prompt  and  forcible. 

Fiirt/in-  Kxinriincntx. — Since  the  han«ling  in  of  the  foregoing  note, 
on  the  .'Jd  of  .laimary,  the  ex|H.'riments  have  btvu  j)usheil  forward  ; 
augmente<l  ainpiaintance  with  the  subject  serving  only  to  ct)nfirm  my 
estimate  ol  its  interest  and  importance. 

All  the  results  descriUnl  in  my  first  note  have  l)een  obtaine<l  in  a 
very  energetic  form  with  a  battery  of  GO  Grove's  ixdis. 

On  the  4th  of  January  I  chos4.'  for  my  soun-c  i»f  rays  a  |H»werful 
lime-light,  which,  when  sutKiieut  care  is  taken  to  pivvent  the  pitting 
of  the  cylinder,  works  with  ailmind>le  steadiness  and  without  any  noise. 
I  also  changiil  my  mirror  for  one  of  shorter  ftn-us,  which  |)ermitlc«l  a 
marer  approach  to  the  souitv  ()f  niys.  TcsHhI  with  this  new  n'titvtor 
the  stronger  vaiH>i*s  rose  remarkably  in  si)unding  power. 
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Improved  manipulation  was,  I  considered,  sure  to  extract  sounds 
from  rays  of  much  more  moderate  intensity  than  those  of  the  lime- 
light. For  this  light,  therefore,  a  common  candle  flame  was  substi- 
tuted. Received  and  thrown  back  by  the  miri'or,  the  radiant  heat  of 
the  candle  produced  audible  tones  in  all  the  stranger  vapors. 

Abandoning  the  mirror  and  bringing  the  candle  close  to  the  rotating 
disc,  its  direct  rays  produced  audible  sounds. 

A  red-hot  coal,  taken  from  the  fire  and  held  close  to  the  rotating 
disc,  produced  forcible  sounds  in  a  flask  at  the  other  side. 

A  red-hot  poker,  placed  in  the  position  j^reviously  occupied  by  the 
coal,  produced  strong  sounds.  Maintaining  the  flask  in  position  behind 
the  rotating  disc,  amusing  alternations  of  sound  and  silence  accom- 
panied the  alternate  introduction  and  removal  of  the  poker. 

The  temperature  of  the  iron  was  then  lowered  till  its  heat  just 
ceased  to  be  visible.  The  intermittent  invisible  rays  produced  audi- 
ble sounds. 

The  temperature  was  gradually  lowered,  being  accompanied  by  a 
gradual  and  continuous  diminution  of  the  sound.  When  it  ceased  to 
be  audible  the  temperature  of  the  poker  was  found  to  be  below  that  of 
boiling  water. 

As  might  be  expected  from  the  foregoing  experiments,  an  incandes- 
cent platinum  spiral,  with  or  without  the  mirror,  produced  musical 
sounds.  When  the  battery  power  was  reduced  from  ten  cells  to  three 
the  sounds,  though  enfeebled,  were  still  distinct. 

My  neglect  of  aqueous  vapor  lias  led  me  for  a  time  astray  in  1859, 
but  before  publishing  my  results  I  liad  discovered  ray  error.  On  the 
present  occasion  this  omnipresent  substance  had  also  to  be  reckoned 
with.  Fourteen  flasks  of  various  sizes,  with  their  bottoms  covered 
with  a  little  sulphuric  acid,  were  closed  with  ordinary  corks,  and  per- 
mitted to  remain  in  the  laboratory  from  the  23d  of  December  to  the 
4th  of  January.  Tested  on  the  latter  day  with  the  intermittent  beam, 
half  of  them  emitted  feeble  sounds,  but  half  were  silent.  The  sounds 
were  undoubtedly  due  not  to  dry  air,  but  to  traces  of  aqueous  vapor. 

An  ordinary  bottle,  containing  sulphuric  acid  for  laboratory  pur- 
poses, being  connected  with  the  ear  and  placed  in  the  intermittent 
beam,  emitted  a  faint  but  distinct  musical  sound.  This  bottle  had 
been  opened  two  or  three  times  during  the  day,  its  diyness  being  thus 
vitiated  by  the  mixture  of  a  small  quantity  of  common  air.  A  second 
similar  bottle,  in  which  sulphuric  acid  had  stood  undisturbed  for  some 
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davs,  was  placed    in    tlie  bfarii ;  tlic  dry  air  alxive  the  lifjiiid   proved 
ulwolutely  .silent. 

On  tlie  evening  of  January  the  7th,  Professor  Dewar  lianded  me 
four  Hasl<s  tn.'ated  in  the  followinir  manner.  Into  one  was  jKiurcd  a 
small  quantity  of  strong  sulphurie  acid;  into  aufither  a  small  (juantity 
of  Nordiiausen  sulphuric  acid;  in  a  third  were  |>lacetl  some  fragments 
of  fusetl  chloride  of  calcium,  while  the  fourth  contained  a  small  (pian- 
lity  of  phosphoric  anhydride.  They  were  close<l  with  well-titting 
india  ruhher  stoppers,  and  permittwl  to  remain  un<listurl)ed  through- 
out the  night.  Tested  after  twelve  hours,  each  of  them  emitted  a 
feehle  sound,  the  flask  last  mentioned  In-ing  tin?  strongest.  Teste<l 
again  six  hours  later,  the  sound  had  disj»pj)eared  from  three  of  the 
flasks,  that  containing  the  i>h(»sphoric  anhydride  alone  remaining 
musical. 

Breathing  into  a  flask  partially  tilled  with  sulphuric  acid,  instantly 
restores  the  sounding  power,  which  continues  for  a  considerable  time. 
The  wetting  of  the  interior  surface  of  the  flask  with  the  sulphuric; 
a(;id  always  enfeebles,  and  sometimes  destroys  the  sound. 

A  bull),  less  than  a  cubic  inch  in  volume,  and  containing  a  little 
water,  lowered  to  the  temperature  of  melting  ice,  prrMJuces  very  di— 
tinct  sounds.  Warming  the  watt-r  in  the  flame  of  a  spirit-lamp  th^- 
sound  becomes  greatly  augmented  in  strength.  At  the  boiling  tem- 
perature the  sound  emitted  by  this  small  bidb*  is  of  extraordinary 
intensity. 

These  results  are  in  accord  with  those  ol)taine<l  bv  me  nearlv  nine- 
teen years  ago,  both  in  reference  to  air  and  to  aqueous  vapor.  Tluv 
are  in  utter  disaccord  with  tho>ic  obtained  by  other  ex|)erimentcr-.  who 
have  ascribed  a  high  absor|ition  to  air  and  none  to  aque<»us  vapor. 

The  action  of  acpieous  vapor  being  thus  revcalc<l,  tiic  necc>sitv  ».>f 
thoroughly  drying  the  fljusks,  when  testing  other  sul)stanccs,  l^vonies 
obvious.  The  following  plan  h:us  been  found  cflective.  Each  flask  in 
fii*st  heated  in  the  flame  of  a  spirit-lamp  till  every  visilile  tr.ice  of 
internal  moisture  has  <lisap|H'ared,  and  it  is  afterwanls  niisetl  to  a  tem- 
perature of  about  40()^('.  While  the  flask  is  still  hot  a  glass  tulx'  it^ 
intnHluced  inio  it,  and  air  freed  from  carbonic  acid  bv  caustic  potash, 
and  from  acjueous  vapor  by  sulphuric  ai-id,  is  urgi^l  through  the  flask 
until  it  istHJoi.    Connected  with  the  ear-tiil)e,  and  ex|>o!*otl  imme<liatclv 

*  III  such  hullts  iviM  liisiilpliulc  (if  larlxiii  vajK^r  may  Ix-  so  nursed  as  toprtxiiue 
sounds  of  «>nsidi'rahle  strvnpth. 
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to  the  intermittent  beam,  tiie  attention  of  the  ear,  if  I  may  use  the 
term,  is  converged  upon  the  flask.  Wlien  the  experiment  is  carefully 
made,  dry  air  proves  as  incompetent  to  produce  sound  as  to  absorb 
radiant  heat. 

In  1868,  I  determined  the  absorptions  of  a  great  number  of  liquids 
whose  vapors  I  did  not  examine.  My  experiments  having  amply 
proved  the  parallelism  of  liquid  and  vaporous  absorption,  I  held 
undoubtingly,  twelve  years  ago,  that  the  vapor  of  cyanide  of  ethyl  and 
of  acetic  acid  would  prove  powerfully  absorbent.  This  conclusion  is 
now  easily  tested.  A  small  quantity  of  either  of  these  substances, 
placed  in  a  bulb  a  cubic  inch  in  volume,  warmed  and  exposed  to  the 
intermittent  beam,  emits  a  sound  of  extraordinary  power. 

I  also  tried  to  extract  sounds  from  perfumes,  which  I  had  proved, 
in  1861,  to  be  absorbers  of  radiant  heat.  I  limit  myself  here  to  the 
vapors  of  patchouli  and  cassia,  the  former  exercising  a  measured  absorp- 
tion of  30  and  the  latter  an  absorption  of  109.  Placed  in  dried  flasks, 
and  slightly  warmed,  sounds  were  obtained  from  both  these  substances, 
but  the  sound  of  cassia  was  much  louder  than  that  of  patchouli. 

Many  years  ago,  I  had  proved  tetrachloride  of  carbon  to  be  highly 
diathermanous.  Its  sounding  power  is  as  feeble  as  its  absorbent  power. 
In  relation  to  colliery  explosions,  the  deportment  of  marsh-gas  was 
of  special  interest.  Professor  Dewar  was  good  enough  to  furnish  me 
with  a  i)ure  sample  of  this  gas.  The  sounds  produced  by  it,  wlieri 
exposed  to  the  intermittent  beam,  were  very  powerful. 

Chloride  of  methyl,  a  liquid  which  boils  at  the  ordinary  tem[)erature 
of  the  air,  was  poured  into  a  small  flask  and  permitted  to  displace  the 
air  within  it.  Exposed  to  the  intermittent  beam  its  sound  was  similar 
in  power  to  that  of  marsh-gas. 

The  specific  gravity  of  marsh-gas  being  about  lialf  that  of  air,  it 
might  be  expected  that  the  flask  containing  it,  when  left  open  and 
erect,  would  soon  get  rid  of  its  contents.  This,  however,  is  not  the 
case.  After  a  considerable  interval  the  film  of  this  gas  clinging  to  the 
interior  surface  of  the  flask  was  able  to  produce  sounds  of  great  power. 
A  small  quantity  of  liquid  bromine  being  })Oured  into  a  well-dried 
flask,  the  brown  vapor  rapidly  diffused  itself  in  the  air  above  the 
liquid.  Placed  in  the  intermittent  beam  a  somewhat  forcible  sound 
was  produced.  This  might  seem  to  militate  against  my  former  experi- 
ments, which  assigned  a  very  low  absorptive  power  to  bromine  vapor. 
But  my  former  experiments  on  this  vapor  were  conducted  with  obscure 
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lioat;  wlicn'Ms,  in  tlu'  |>n's«'i)f  iDstan*-*',  I  l»a<l  fodi'al  witli  tin-  r.nliatiuu 
from  iiicaiKlescf'iit  lime,  wlio.-^e  lieat  is,  in  part,  liiiniiioiis.  Now,  tlu* 
color  of  the  bromine  vapor  proves  it  to  be  an  energetic  absorlnr  of  the 
luminous  rays,  and  to  them,  wljcn  suddenly  convertf.Hl  into  th«'rmo- 
metric  heat  in  the  body  of  the  vajKjr,  I  thoujj^ht  the  sound  iniirht  !••• 
due. 

Between  tln'  Mask  contiiinin;;  the  bromine  and  tl«e  rotating  di><-  1 
tln'refore  placed  an  empty  glass  cell ;  the  sounds  eontinuiHl.  I  tlien 
fille<|  the  cell  with  transj>arent  bisiilphi<h,' of  carbon  ;  the  sounds  >till 
continued.  YOv  the  traiispiirent  bisulphide  I  then  sui)stitiit<'d  the 
same  li(piid  saturated  with  dissolve*!  icMJine.  This  solution  cut  off  the 
light,  while  allowing  the  ra\- of  h<';it  free  tr;tii>ii)i<>ion  ;  the  ,niiiid- 
were  immediately  stilled. 

litdiiie  vaporize<l  l)y  lieat,  in  a  small  flask,  viehlfHl  a  forcible  soun«l, 
which  was  not  sensibly  afl'ecteil  by  the  interposition  of  transparent 
bisulphide  of  carbon,  but  which  was  com|)leteIv  (pielle<l  bv  the  iiKliiie 
sojiilinti.  It  Miiglil,  iii<l<'ed.  have  Imh'Ii  foreseen  that  the  rav^  n-:in.s- 
mitled  by  the  iodine  as  a  li<piid,  would  also  Im>  transmifte«l  bv  its  vajtor. 
and  thus  fail  to  be  converted  into  .sound.* 

To  complete  tJie  argument.  \N  Idle  the  flask  containing  the  bromine 
vapor  was  sounding  in  tlu*  intermittent  beam,  a  strong  solution  of 
alum  was  interposed  between  it  and  the  rotating  di.sc.  There  was  no 
sensible  abatement  of  the  soun<ls  with  either  bromine  or  iodine  vaj>or. 

In  these  experinients  the  niys  from  the  lime-liglit  w<'re  converge*!  to 
a  j)oint  a  little  beyond  the  rotatingdisc.  In  the  ne.xt  ex[)eriment  tliev 
were  rendered  ]>andlel  by  the  mirror,  and  afterwards  rendered  con- 
vergent by  a  lens  of  ice.  .\t  the  foeus  of  the  ice  lensc  the  .sounds  were 
<'\lracte<l  (rom  both  bromine  and  i<Mline  vap(»r.  Sounds  were  ;il<o  pro- 
duced alter  the  beam  ha<l  been  M-nt  throiiLrh  the  alnin  v,,Iiiti,,ii  im<I  fK.. 
ice-lense  conjointly. 

With  a  very  rude  arrangement  I  have  Ihhu  able  to  hear  the  .sounds 
of  the  more  nctivc  va|>ors  at  a  distance  of  100  fwt  from  tlu^  s<»unv  of 
rays. 

tSeviM-al  vapors  other  than  those  nientione<l  in  tl>is  abstrict  liave  Ikmii 
examined,  and  sounds  obtaine*!  fn)m  all  of  them,  'i'he  va|>ors  of  :dl 
compound  litpiids  will,  1  doubt  n«)t,  Ik>  found  sonorous  in  the  inter- 
mittent beam.  And.  as  I  (piestion  whether  there  is  an  absobitelv  «!ia- 
thermaiu)us  substance  in  nature,  I  think  it  proixil)lc  tliat  even  tlie 
*1  hittiitiiMially  uso  l\\'\<  |ilini.Mol(iirv. 
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vapors  of  elementary  bodies,  including  the  elementary  gases,  M'hen 
more  strictly  examined,  will  be  found  capable  of  producing  .sounds. 

Note. — With  .some  of  the  strongest  sounds,  whicli  were  audible  when 
tlie  ear-tube  was  entirely  withdrawn  from  the  ear,  I  tried  to  obtain  the 
agitation  of  soap  film.  A  glass  tube,  blown  into  a  shape  somewhat 
resembling  a  tobacco  pipe,  had  its  mouth  clo.sed  by  such  a  film,  while  its 
open  stem  was  connected  with  a  sounding  flask.  I  did  not  succeed  in 
producing  any  visible  agitation.  When  the  film  was  uniformly  illu- 
minated, or  when  it  had  become  thin  enough  to  produce  iridescent 
colors,  on  holding  a  high-pitched  tuning-fork  near  the  open  end  of  the 
stem  the  whole  surface  of  the  film  was  immediately  covered  with  con- 
centric rings,  having  the  centre  of  the  film  for  their  centre.  This 
belongs  to  the  class  of  eifects  so  vividly  described  by  Mr.  Sedley  Tay- 
lor. A  fork  of  the  pitch  of  the  sounding  gas  produced  no  visible 
effect  upon  the  film. 
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By  Plixy  Eaele  Chase,  LL.D. 

Professor  of  Philosopliy  in  Haverford  College. 


One  of  the  most  interesting  chapters  in  I<aplace's  "Mecanique 
Celeste"  is  the  one  whicli  describes  tendencies  to  synchronism,  among 
Jupiter's  satellites,  similar  to  those  which  are  well  known  to  watch- 
)iiakers,  in  timekeepers  which  are  suspendeil  near  each  other.  Some 
recent  investigations  in  photodynamics  have  led  me  to  the  di-scovery 
of  the  following  additional  harmonies,  which  serve  to  connect  Callisto, 
Jupiter's  outer  satellite,  with  the  Earth  as  well  as  with  Jupiter.  They 
are  due  to  the  fact  that  Callisto  represents  the  centre  of  gravity  of 
Earth  and  Jupiter,  when  they  are  in  conjunction. 

1.  Earth's  accelerated  rotation  is  to  acceleration  by  condensation  to 
a  centre  of  linear  oscillation  as  Jupiter's  radius  of  accelerated  rotation 
is  to  Callisto's  radius  of  accelerated  rotation.  This  relation  is  shown 
by  the  following  proportion : 

366-2565 :  9 :  :  4332-5.848^ :  1 6-6891^- 

2.  Jupiter's  secular  mean  perihelion  distance  from  Earth  is  to  Cal- 
listo's mean  distance  from  Jupiter  as  Jupiter's  ma.ss  is  to  Earth's  mass. 
This  is  shown  in  the  following  proportion : 
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This  projM>rtion  f'urnislu'S  «laUi  for  the  following;  apiiroxitiiatioii  t<> 
the  distance  of  the  Suu. 

All  is(»chroiioiis  radius  is  tlie  mean  distiin<;e  at  which  a  sjitellite 
would  revolve  about  the  planet  in  the  same  time  lus  the  phmet  n.'volvo 
about  the  Sun.  The  culx'  root  of  the  quotient  of  Sun's  nuuss  bv 
planet's    nuLss,     multiplic<l     by    tiie    i.soclironous    radius,    is    .'JlMJiH 

X  (iy^^^ii:*J^^5  ^  i.'j4()'291-5  mile:^;  .•];}1245^  ^    l.'J40li«l-r>  = 

V    5073-6  see.    / 
92730(>(K)  miles. 

3.  .Jupiter's  secular  perihelion  radiiLS  vect<»r  i.s  to  Karth's  .^emi-a-xi^ 
major  as  Callisto's  semi-axis  nuijor  is  to  Moon's  semi-axi.s  major. 

4-886325:1  :  : -012585  X  92736000:238847. 
Lockver  f:;ives,  for  Moon's  distince,         .  .  -J.l.s7y3 

Chaml)ers         "  "  "        .  .  2:JX830 

Searle  *  ....  u  ^  238870 

Newcomb  "  "  "         .  .  -JKCJIM) 

4.  The  radius  of  inci])ii'nt  nel)ular  eon(ien.>r;iti<>u  is  to  the  railiu> 
of  .sew>ndary  condensation  (CalIi.cto's  semi-axis  major)  a.s  the  velocity 
of  light  is  to  the  vel(M'ity  of  infinite  fall. 

(M 30992: -0125X5:  :  186282  miles  :  382-37.S  miles. 

The  *'ra<lius  of  incipient  nebular  conden.sation "  represents  the 
])hot<Klynamic  energy  which  determineil  tlu'  positions  of  Neptune, 
Jupiter  and  Earth,  with  respect  to  Sun,  and  which  also  determine*! 
gravitating  velocitv. 

Haverford  Collerfe,  Feb.  S,  1881. 


Steam  Carriages. — A  steam  (xirriage  has  been  used  for  some  time 
in  Berlin.  The  Leipzig  (ritzdte  mentions  tliat  another  (fcrnian  citv. 
Chemnit/,,  the  maim fa<'tu ring  centre  of  S;ixony,  with  a  population  ot' 
about  50,0(K),  is  al.so  using  a  steam  car  for  the  tninsjH)rt  of  merchan- 
dise through  the  struts  without  the  u.se  of  rails.  In  two  months  it 
made  forty-four  trijKs,  airrying  184,395  kilos  (406,521  ll>s.),  whi«li 
were  ejusily  distril)ute<l  in  all  part.s  of  tlu-  city,  ou  grades  and  curve> 
;us  well  its  on  levels,  without  causing  any  accident  to  vehicles  or  pe«le>- 
trians.  —  Chro)!.  Inilu.str.  (\ 

*  On  the  autluiritv  of  von  Liltrow. 
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The  Saharan  Sea. — Commandant  Roudaire  has  finished  the 
investigations,  whicli  were  indicated  by  the  commission  of  the  French 
Academy,  in  relation  to  the  filling  of  the  Tunisian  and  Algerian 
chotts  by  the  sea.  His  conclusions  are  entirely  favorable  to  the  pro- 
ject, and  would  lead  to  the  estjiblishment  of  an  interior  sea,  400  kilo- 
metres (248*55  miles)  long  and  1600  kilometres  (994'2  miles)  in  cir- 
cumference.—  Comjjtes  Rendus.  C. 

New  Lubricants. — K.  Drechsler  mixes  graphite  thoroughly  with 
the  whites  or  yolks  of  eggs,  dries  the  mixture,  pulverizes  it  and  scat- 
ters it  upon  the  parts  of  machinery  which  move  slowly.  G.  Lieckfeld 
mixes  graphite  with  soluble  glass,  so  as  to  make  a  stiff  broth.  The 
mass  is  spread  upon  worn  surfaces,  where  it  soon  hardens  and  can  be 
filed  or  turned,  so  as  to  restore  the  machinery  to  its  original  perfection. 
— Dingler's  Journal.  C. 

Difference  in  Galvanic  Batteries.— Fr.  Exner  gives  the  fol- 
lowing reasons  why  a  Daniell  battery  does  not  show  the  influence  of 
free  oxygen  so  evidently  as  a  Smee:  1.  a  concentrated  solution  of  blue 
vitriol  absorbs  considerably  less  oxygen  than  acidulated  water ;  2.  the 
hydrogen,  Avhich  rises  from  the  decomposition  of  the  water,  is  abund- 
antly supplied  with  CuSO^  for  the  reduction  of  the  copper;  3.  it  is 
well  known  that  a  Daniell  element,  if  it  remains  long  open,  possesses 
a  somewhat  greater  electro-motive  force  than  if  it  was  kept  closed. 
This  is  an  indication  that  the  difference  between  a  Daniell  and  a  Smee 
element  is  only  quantitative  and  not  qualitative. —  Wiedcm.  Ann.    C. 

The  Place  of  Boron  in  the  Series  of  Elements. — A.  Etard 
gives  satisfactorv  reasons  for  substitutino;  «;lucinium,  in  the  tabular 
position  Avhich  Mendelejeff  has  assigned  to  boron.  He  finds  that  by 
the  action  of  zinc  ethyl  upon  boric  ether  we  get  triethylbromine, 
which,  by  its  properties  and  its  composition,  corresponds  very  com- 
pletely with  triethylphosphine.  After  comparing  successively  the 
properties  of  boron  and  the  phosphorus  groups  of  elements,  he  unhesi- 
tatingly places  boron  at  the  head  of  the  vanadium  group,  very  near 
the  phosphorus  group.  The  resemblance  of  these  two  groups  has 
already  been  established  by  Deville  and  Troost  for  niobium  and  tan- 
talum, and  by  Roscoe  for  vanadium.  These  bodies,  like  boron,  give 
volatile  chlorides  and  oxychlorides,  the  density  of  which  has  already 
been  measured,  and  they  exhibit  various  other  evidences  of  similarity 
in  their  respective  salts  and  acids. —  Comptes  Rendus.  C 
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Origin  of  Phenol  in  Animals- — I'rof.  K.  Kngel,  in  studying 
tlx;  trunstonnations  of"  j)lienoI  in  tin*  animal  economy,  finds  that  tho 
animal  economy  itself  in  the  product  of  the  pancreatic  digestion  ot" 
albuminoid  substances,  and  of  the  putreftw^tion  of  those  siil)stances  in 
the  intestines. — Ann.  de  Cliim.  d  de  Phys.  ( '. 

Spectroscopic  Study  of  the  Sun. — L.  Thollon  is  carefully 
studying  the  sun's  surface  at  the  Paris  ohservatory.  lie  describfs  a 
number  of  intcp'sting  hydrogen  explosions,  rcsenjbling  gigantic  dis- 
j>lays  of  fireworks,  and  sometimes  remaining  visii>le  for  two  days. 
One  of  tlietn  was  more  than  200,000  miles  in  height,  antl  explosions 
of  from  2'),000  to  ;)0,000  miles  in  height  are  quite  cf>mmon..  —  Compter 
lifU'fns.  (\ 

Electric  Discharges  in  Gases.     K.  Wiedemann  Ikls  invcstigateii 

tlic  thci'iii;il  ami  nptical  jilnnonicna  of  gases  injder  the  infiucncc  of 
elcctrii'  discharges.  He  conclu<ies  that  specific  changes  of  (piality  and 
ipiantity  in  the  electric  spe<'trum  of  a  gas  must  l>e  npresented  i>v 
eijual  quantities  of  energy  in  each  molecule,  which  are  indeiKjndent  of 
the  pressure  of  the  gas  and  of  the  diauieter  of  tJie  tube. —  WU'demanna 
Annaleii.  C. 

Accurate  Longitudes.  Admiral  Mouchcz  commends  the  aivn- 
racy  of  Mc.Nsr>.  (ireen  and  Davis,  in  their  determinations,  by  the 
tnmsatlantic  telegraph,  of  some  of  the  ])rineipal  longitudes  on  tlie 
coast  of  Hrazil.  He  was  himself  charged,  in  18(J0,  with  the  task  of 
determining  the  hydrography  of  lirazil  and  La  Plata.  In  the  per- 
formanei:  of  his  duties  he  made  a  large  number  of  a.^tronomical  oL-er- 
vations,  which  ac<'orded  so  closely  with  previous  records  that  ho 
affirmed  in  his  report  that  the  longitudes  were  known  with  nearlv  Jis 
great  ac(!uracy  as  those  of  the  great  observatories  of  Euro|K».  The 
French  astronomers,  however,  di.stM'editCvl  his  rtsults  and  adopteii 
values  about  30  seconds  greater.  The  Ameriwxn  observers  have  fully 
confirmed  Mouchez's  jtssertions,  showing  that  his  greatest  error  was 
only  '2''M  .>ieeonds,  and  in  one  case  the  error  was  only  five-eighths  of  a 
second.  Erroi-s  of  from  2  to  4  secx)nds  have  l)een  recently  iletecte«l  in 
the  longitudes  of  .><ome  of  the  European  {H)rts.  Thesi-  comparinms 
also  show  the  great  precision  with  which  Kuigitudes  cau  l>c  asivrtainevl 
by  chronometci-s,  when  their  rates  are  projH'rly  verifieil  at  the  enil  of 
every  voy age.  =  Comp<c«  Uendu^.  C. 
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Filtration  by  Spongy  Iron. — Messrs.  Easton  and  Anderson  are 
testing  the  value  of  spongy  iron  upon  a  large  scale  in  the  filters  of  the 
water  works  at  Antwerp.  The  water  is  first  allowed  to  pass  through 
a  mixture  of  iron  and  gravel  covered  with  sand,  when  it  passes  into  a 
second  basin,  the  bottom  of  which  is  covered  with  sand.  The  experi- 
mental results  have  been  more  satisfactory  than  those  from  ordinary 
filters,  and  there  are  no  indications  of  any  necessity  for  renewing  the 
iron,  which  serves  to  oxidize  the  organic  matters  suspended  in  the 
M^ater. — Ann.  ties  Pants  et  Chauss.  C 

Fusion  of  Metals  by  Electricity. — M.  Imbert  describes  Sie- 
.rnens'  method  of  fusing  large  metallic  masses  by  means  of  electricity. 
He  uses  a  plumbago  crucible,  surrounded  by  a  thick  refractory  wall, 
the  cover  being  traversed  by  a  carbon  rod  of  20  millimetres  ("79  inch) 
diameter.  This  rod  is  suspended  by  one  of  the  arms  of  a  balance 
])eam,  the  other  arm  carrying  a  cylinder  of  soft  iron  sliding  freely  in 
a  solenoid  and  plunging  into  a  liquid,  in  order  to  moderate  tlie  oscilla- 
tions which  might  arise  from  sudden  variations  of  current.  In  one 
experiment  500  grammes  (1*102  lbs.)  were  melted  into  a  compact 
ingot  in  4J  minutes.  In  melting  large  quantities  the  electrical  method 
is  rather  more  than  twice  as  costly  as  the  ordinary  furnace,  but  for  the 
fusion  of  precious  or  refractory  metals,  for  chemical  purposes,  and  for 
.other  applications  where  the  question  of  economy  is  secondary,  the 
new  method  is  very  convenient  and  practical.  In  melting  small 
quantities  it  may  even  prove  economical. — Anii.  du  Gen.  Oiv.       C. 
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Manuat.  of  Cattle  Feeding:  A  Treatise  on  the  Laws  of  Animal 
Nutrition  and  the  Chemistry  of  Feeding  Stuffs  in  their  Application 
to  the  Feeding  of  Farm  Animals.  With  illustrations  and  an 
ajijiendix  of  useful  tiibles.  By  Henry  P.  Armsley,  Ph.D.,  Chemist 
to  the  Connecticut  Agricultural  Experiment  Station.  12mo.  John 
AViley  &  Son,  New  York. 

This  work  belongs  to  the  higher  class  of  publications  demanded  by 
the  rapid  advance  of  agriculture.  It  treats  not  only  of  the  best 
practice  of  feeding,  but  also  of  the  theory,  and  gives  us  the  results 
obtained   at   European   experiment   stations.     The  chemistry  and  tiie 
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physiology  of  the  nutrition  of  domestic  animals  are  clearly  explained 
in  order  to  enable  the  attentive  reader  "to  adapt  his  practice  to  the 
varyinjj  conditions  in  which  he  may  be  j)laced ;  and  more  important 
still,  to  follow  or  tiike  part  in  the  advance  of  the  science." 

Part  I  of  the  work  treats  of  the  general  laws  of  animal  nutrition, 
in  which  not  only  are  the  values  of  the  nitrogenous,  non-nitrogenous 
and  inorganic  nutrients  discussed,  but  the  structure  and  functions 
of  the  organs  of  digestive  circulation  and  respiration  are  briefly  and 
very  clearly  descril)ed.  The  metlifMi  of  determining  the  nutritive 
effect  of  a  nition  and  the  part  it  plays  in  the  formation  of  flesh  and 
fat  and  in  the  prmluction  of  work,  are  also  well  treated. 

Part  II  is  devoted  to  the  feeding  stuffs  and  their  digestibility.  In 
treating  of  the  coarse  f<xlders,  and  the  method  of  curing  them,  ensilage 
is  not  forgotten,  and  the  author's  opinion  of  the  process  may  j>erhaj>s 
be  learned  from  the  following  (juotations:  '*  Ensilage  of  itself  adds 
nothing  to  the  value  of  the  fodder  submitted  to  it,  but  rather  dimin- 
ishes it.  In  the  mix  a  sort  of  fermentation  is  carried  on  at  the  ex]>ensc 
of  tiie  extractive  matter  of  the  fmlder,  resulting  in  the  fermentation 
of  various  organic  acids  and  volatile  bodies  and  naturally  diminishing 
the  quantity  of  (non-nitrogenous)  extract,  and  thereby  increasing  the 
percentage  of  all  the  other  ingredients.  Corn  being  a  comparatively 
cheap  crop,  the  loss  of  material  during  the  fermentiition  (of  the  fodder) 
might  be  conij)ensated  l)y  the  improved  quality  of  the  residue."  In 
the  chapter  on  the  concentrated  fmldere  the  following  analyses  of 
Americtin  linseed  and  cottoji-seed  cake  are  given,  the  sampKs  having 
first  been  deprived  of  water. 

.1  r»    »  •  Crude  Xon-nitroccnoiis      t-  . 

Ash.  Protein.         ,.,  .     '"  Fat. 

fibre.  extract. 

Linseed  cake,  per  cent.,    7-13         32-48         9-70         37»j(j  13-03 

Cotton-seedcake,    "  733         40-17         7-98         19!»s         18-54 

But  one  sample  oi  linseed  oil-cake,  from  which  the  oil  had  Ijeen 
been  extracted  under  the  Simoniu  patent  employed  in  this  city,  ap[>ears 
to  be  mentioned;  that  containe<l  3-15  per  cent.,  while  the  protein  was 
39'92  per  cent)  Our  author  adds:  "Cotton-seed  cake,  it  will  be  .>^een 
above,  is  considerably  richer  in  protein  antl  fat,  and  poorer  in  (non- 
nitrogenous)  extract  thtin  linseed  cake,  and  mu>t  have  correspondingly 
higher  feeding  value." 

The  feeding  of  farm  animals  is  e.sjuH-ially  treateil  in  Part  111,  of 
which  the  chapter  on  'M'ectling  standards"  is  the  first.     By  this  term 
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is  meant  the  quantities  and  proportions  of  the  nutrients  required  for 
the  several  races  of  animals  when  the  object  is  maintenance,  fattening 
or  work.  Nutrients  of  a  ration  are  divided  into  nitrogenous  and  non- 
nitrogenous,  and  the  proj)ortion  of  the  former  to  the  latter  is  called 
"the  nutritive  ratio."  The  ordinary  day's  work  of  a  horse  being 
taken  as  equal  to  the  raising  of  1,500,000  kilogrammes  one  metre 
high,  the  feeding  standard  is  giv^en  in  lbs.  per  1000  lbs.  live  weight. 

Feeding  Standard  Horse. 
Digestible  nitrogenous  principles  (protein),  .  .  1*8  lbs. 

Digestible  non-nitrogenous  principles  (carbhydrates  and  fat),  11'8    " 
Nutritive  ratio,       .  .  .  .  1:7 

Total  matter,  freed  from  moisture.  .  .  22*5  lbs. 

Tables  are  given  showing  the  average  composition  and  digestibility 
of  the  common  feeding  stuffs,  and  also  the  range  of  variation  in  tliis 
respect  as  far  as  observed.  From  these  tables  may  be  ascertained  how 
much  digestil)le  matter  is  available  in  the  feed  we  are  using,  and  how 
much  must  be  added  to  or  taken  from  this  ration  in  order  to  bring;  it 
to  the  feeding  standard.  On  the  subject  of  which  it  treats  the  book 
is  far  in  advance  of  any  other  American  publication  we  have  read. 

A.  L.  K. 


Baldwin  Locomotive  Works.     Illustrated  Catalogue  of  Locomo- 
tives.    Second  edition.     Royal  8 vo.     Philadelphia:  1881. 

Of  this  catalogue  it  is  impossible  to  speak  in  terms  of  too  mucli 
praise.  It  gives  a  more  varied  and  exact  summary  of  the  history  of 
the  locomotive  than  has  heretofore  appeared  in  any  catalogue  in  this 
country,  and  more  possibly  than  has  appeared  in  all  the  other  cata- 
logues yet  issued  upon  this  subject.  The  whole  is  contained  in  a 
large  8vo  volume  of  152  pages,  with  eighteen  photographs  and  eleven 
wood -cuts  of  their  different  types  of  locomotives;  also  sixteen  wood- 
cuts descriptive  of  the  historical  part. 

On  page  96  will  be  found  a  cut  of  their  "Single  Fast  Passenger 
Locomotive,"  similar  to  locomotive  "5000,"  the  5000th  of  their  build, 
which  was  originally  intended  for  the  Philadelphia  <fe  Reading  Rail- 
road Company,  to  run  on  the  Bound  BroOk  route,  between  Philadel- 
phia and  New  York.  It  has  made  the  distance,  8y'4  miles,  in  98 
minutes,  being  at  the  rate  of  54  miles  an  hour. 

On  page  68  also  will  be  found  a  photograph  of  wiiat  is  known  as 
the  "American"  express  passenger  locomotive,  there  being  more  of 
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tliis  tyjie  in  use  tlian  any  other  style.  One  of  tlie  pattern  known  x^ 
8 — 28C,  having  cylinders  17  x  22  inches  and  drivers  66  inches  diameter, 
has  pulled  a  train  of  456,72*3  pounds  (including  locomotive  and  t<*nder 
of  1'j2,<K)0  pounds),  fifty-nine  miles,  counting  one  stop  and  one  slow- 
down on  drawbridge,  in  seventy-five  minutes.  This  class  is  also 
largelv  in  use  for  light  freight  trains.  On  page  103  is  a  cut  of  their 
celebrated  ten-wheel  freigiit  locomotive  known  as  lUE  ''Consolida- 
tion," which  are  now  in  extensive  use  for  heavy  freight  trains  on  all 
the  leading  roads  in  America. 

The  first  locomotive  btiilt  in  this  country  had  but  one  pair  of  driviufj 
wlieels,  an 'n\  i\\e.  "Old  Ironsides,"  page  7  of  catalogue.  The  experi- 
ments made  with  her,  Mr.  Baldwin  says,  "were  eminently  successful, 
realizing  the  sensation  (»f  a  flight  through  the  air  of  fifty  or  sixty 
miles  an  hour."  The  Old  Ironsides,  in  its  general  arrangements,  was 
a  close  copy  of  the  English  locomotives  brought  to  this  country  in 
1831,  and  uj)  to  1840  was  the  leading  type  of  "F;tst  Pa.ssenger 
Engine." 

In  1842  the  increase  of  business  on  railmuds  demanded  more 
powerful  locomotives,  and  it  wjts  found  that  for  heavy  freight  business 
one  pair  of  drivers  was  insufficient,  and  recourse  had  to  be  made  to 
coupUny  an  additional  pair  of  wheels  to  secure  the  neces-siry  adhesion 
so  as  to  be  able  to  pull  the  incrciised  weight. 

This  catalogue  is  wjll  written,  and  its  description  of  the  leading 
improvements  in  the  construction  of  the  locomotive,  from  its  comvp- 
tion  in  America  to  the  present  day,  will  be  found  both  interesting  an<l 
instructive.  In  mechanic^d  executi(m  the  volume  leaves  nothing  to  be 
desired,  and  it  will  be  always  preserved  for  the  valuai)le  informatinn 
it  contains.  W.  I  J.  LeV. 


Franklin     Institute. 


Hall  of  thk  Ixstitutr,  March  16th,  1881. 
The  stated  meeting  was  called  to  onler  at  8  o'clock  P.M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  102  mend)ers  and  87  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approve^l. 

The  Actuary  presenteil  the  minutes  of  the  Boartl  of  Managers,  and 
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announced,  that  at  their  last  meeting  J  3  persons  were  elected  members 
of  the  Institute ;  also  that,  by  the  resignation  of  Prof.  Elihu  Thom- 
son, a  vacancy  existed  in  the  Board.  The  President  stated  that  filling 
this  vacancy  was  the  privileged  business  of  the  evening,  and  he  there- 
fore invited  nominations.  Prof.  Wm.  D.  Marks  and  Mr.  W.  H. 
Thorne  were  placed  in  nomination,  and  tellers  being  appointed,  they 
announced  that  Prof.  Marks  had  received  a  majority  of  the  votes  cast, 
and  he  was  thereupon  declared  a  member  of  the  Board  for  the  unex- 
pired term  of  Prof.  Thomson. 

The  Secretary  reported  the  following  donations  to  the  Library : 

Airy — Mathematical  Tracts.     Cambridge,  1826. 

Miller — Differential  Calculus.     Cambridge,  1837. 

Bertrand — Analyse  Mathematique.     Paris,  1867. 

Delaunay— Progresse  de  1' Astronomic.     Paris,  1867. 

Booth — Elliptic  Integrals.     London,  1851. 

Nautical  Almanac  for  1870.     London,  1866. 

Frost  and  Wolstenholme — Solid  Geometry.     Cambridge,  1838. 

Catalan — Theoremes,  etc.,  de  Geometric.     Paris,  1865. 

Salmon — Curves.     Dublin,  1852, 

Salmon — Algebra.     Dublin,  1866. 

Drew — Conic  Sections.     1862. 

Euclid's  Geometry.     Oxford,  1862. 

Mulcahy's  Geometry.     Dublin,  1862. 

Salmon's  Geometry,     Dublin,  1865, 

Salmon's  Conic  Sections,     London,  1863. 

Godfrey's  Astronomy.     Cambridge,  1866. 

Wilson's  Geometry,     2  vols,     Cambridge,  1868. 

Bradley's  Geometry.     London. 

iSIain's  Astronomy,     Cambridge,  1 868. 

Hann's  Calculus,     London,  1850. 

Cheyne's  Planetary  Theory.     Cambridge,  1862, 

Godfrey's  Lunar  Theory,     Cambridge,  1859, 

Boole's  Differential  Equations,     Cambridge,  1860. 

Boole's  Calculus  of  Finite  Differences.     Cambridge,  1860, 

Cox's  Integral  Calculus.     London,  1852. 

Woolhouse — Differential  Calculus,     London. 

Airy's  Popular  Astronomy,     London,  1868. 

Lockyer's  Lesson's  in  Astronomy.     London,  1868, 

Ferrer's  Trilinear  Co-ordinates.     London,  1866. 

Taylor's  Geometrical  Conies.     Cambridge,  1863. 

Wolstenholme's  Mathematical  Problems,     London,  1867, 

Airy's  Error  of  Observations,     Cambridge,  1861, 

Drew's  Conic  Sections,     London,  1864, 
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Ijaj^raiige's  Mecanique  Analytique.     Paris,  1853-5. 
Parkinson's  Treatise  on  Meolianias.     Cambridge,  1863. 
Tait  and  Steele's  Dvnainies.     Cainl)ridge,  1865. 
Wurtz's  Ciiemical  Theory.     London,  1869. 
Airy — Atmospheric  ViUrations.      London,  1868. 
Pari<inson's  Optics.     ]x)ndon,  1866. 

Regnault  and  Streoker's  Cliemistrv.     Braunschweig,  1869. 
Newtli's  Natural  Philosophy.     London,  1868. 
Quet — Electricity,  Magnetism,  etc.     Paris,  1867. 
Airy's  ()|)tics.      London,  1866. 
Bertin's  Thermodynamics.     Paris,  1867. 
Routh — Dynamics  of  Rigid  Bodies.     London,  1868. 
Desain's  Tlieorie  de  In  Chaleur.     Paris,  1868. 
Airy's  Gravitation.     London,  1834. 
Whewell's  Dynamics.     Cambridge,  1832. 
Frost's  Newton's  Principia.     Cambridge,  1863. 
Whewell's  Newton's  Principia  in  Latin.     London,  1846. 
Evans'  Newton's  Principia.     CaMd)ridge,  1855. 
Weinhold's  Vorschule  der  Expcrimentalphysik.     Leipzig,  1871. 
Lloyd's  Wave  Theory  of  Light.      London,  1857. 
Hirn's  Thermodynamics.     Paris,  1868. 
Besant's  Hydromeclranics.     Cambridge,  1867. 
Helmholtz's  Optics.     Leipzig,  1867. 
Lnnn's  Motion.     Cambridge,  1859. 
Tiiorjie's  Chemical  Problems.     London,  1870. 
Besant's  Hyvlrostatics.     Cambridge,  1867. 
Presented    bv   Mr.   Alexander   E.  Outerbridge,  United   States   Mint, 
Philadeli)hia. 

History  of  Coaches.     By  0.  A.  Thrupp.     London,  1877. 

From  the  Author. 

Mr.  T.  Mellon  Rogei*s  read  the  paper  announced  for  the  evening,  on 
"The  Concentration  of  Ores,"  and  also  exhibited  his  new  Swing  Gate 
Concentrator.  It  is  a  novel  apparatus  for  washing  and  concentrating 
gold,  silver  and  other  metals  in  ores  of  low  grades.  The  machine 
consists  of  a  water  tank,  divided  \nU)  two  compartments,  in  one  tif 
Avhich  is  suspended  a  box  with  screen  for  holding  the  ore,  while  the 
other  tiikes  the  waste.  In  the  bottom  of  each  are  hop|)ers  with  e<.luc- 
tion  pipes.  In  the  main  compartment  is  a  vibrating  gate,  provided 
Avith  valves,  and  moved  by  a  rod  and  adjustable  eci'cntric,  driven 
by  steam  power.  The  forward  swing  of  the  gate  moves  the  large 
body  of  water  in  a<lvauce  t)f  it  ujiward  through  the  sieve,  while  at  the 
same  time  a  partial  vacuum    is   prodiuid  in  the  smaller  UkIv  of  water 
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behind  the  gate,  thus  operating  the  valves  which  are  opened  and  closed 
by  variations  in  the  pressure  of  the  body  of  water  on  either  side  of 
them.  Mr.  Rogers  exhibited  the  machine  at  work,  and  by  the  aid  of 
drawings  on  the  screen  explained  its  operation.  He  said  that  there 
were  many  low  grade  ores,  particularly  in  North  and  South  Carolina 
and  Virginia,  that  could  not  be  profitably  worked  without  concentra- 
tion. If  we  could  get  a  liquid  of  such  density  as  to  allow  the  ore  to 
sink  and  the  gangue  to  float,  concentration  would  be  very  simple;  but, 
as  we  have  not,  we  must  employ  the  best  available  substitute,  which  is 
water.  Very  rude  apparatus  is  generally  employed  for  concentrating 
the  ores,  and  is  really  efficient,  since  the  operator  can  vary  the  degree 
of  agitation  to  be  given  it  according  to  the  ore.  The  apparatus 
devised  by  Mr.  Rogers  is  designed  to  effect  the  same  purpose  by  the 
use  of  an  eccentric,  readily  adjustable  to  give  changes  of  speed,  by 
which  to  treat  fine  or  coarse  ores.  The  machine  was  exhibited  in  ope- 
ration concentrating  an  ore  containing  argentiferous  galena  and  gold 
sulphuret.  Mr.  Rogers  also  exhibited  samples  of  concentrations  made 
by  him.  In  answer  to  questions  he  said  that  spme  of  these  machines 
were  in  use ;  that  with  meshes  of  from  forty  to  sixty,  eight  tons  could 
be  concentrated  in  a  day,  and  with  larger  meshes  from  eight  to  twelve 
tons,  and  that  one  important  feature  was  the  use  of  screws  for  level- 
ing the  box  in  which  the  ore  is  placed. 

Mr.  Tatham  asked  what  advantage  there  wris  in  the  use  of  a  swing- 
ing gate  over  an  ordinary  pliuiger. 

Mr.  Rogers  replied  that  the  swinging^  gate  put  the  greatest  agitation 
of  the  water  where  it  would  do  the  most  good,  and  prevented  a  wash- 
ing over  and  Avaste  of  ore  that  would  result  from  a  uniform  raising  of 
the  water  through  the  meshes.. 

The  Secretary  called  attention  to  the  system  of  underground  tele- 
graphy, invented  by  Restore  B.  Lamb  and  owned  by  the  National 
Subterranean  Electric  Company.  Terra  cotta  blocks,  through  which 
there  are  a  number  of  small  holes,,  glazed  inside  and  out,  are  used. 
The  pipes  or  blocks  ai'e  joined  together,  much  like  sewer  pipes;  and 
cemented,  the  holes  being  continuous.  Cables  of  wires,  enclosed  in 
rubber  tubes,  are  cai-ried  through  the  holes.  At  convenient  distances 
along  the  route  tu'e  masonry  chambers  luiderground,  entered  from  a 
manhole,  in  which  the  sections  of  tubular  blocks  terminate.  In  these 
the  connections  between  two  sections  and  repairs  are  made,  the  wires 
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or  ciihlcs  r('(j[uiriii^  repair  bcin*;  drawn  thr(m*rh  into  the  oluunlx-r,  and 
then  replaced.  The  wires  are  amply  protected  from  the  weather,  and 
thoroughly  isolated  from  each  other,  and,  having  once  Ixt-n  laid,  the 
streets  througli  which  they  pa.ss  do  not  have  to  Ix"  disturl)etl  to  add 
additional  wires  as  re<piiretl,  (►r  to  make  repairs.  Satisfactory  cx|)eri- 
ments  with  the  system  have  l)een  made  in  Camden,  where  the  "  blrn-ks" 
have  been  laid  through  swampy  "  made"  ground  for  several  months. 

Several  in(|uiries  were  made  about  the  manner  of  laying  the  wires, 
the  practical  operation  of  the  system,  etc. 

Mr.  Patrick  said  there  wa.s  some  misapprehension  apparently  about 
the  way  in  which  the  wires  were  drawn  through  the  tulxs.  As  he 
understood  it  the  blocks  were  laid  first  with  single  leading  wires  through 
the  several  holes  with  which  to  draw  through  the  cables  from  section 
to  section  and  rej)lace  them.  It  is  therefore  not  necessary  to  put  in 
the  whole  number  of  wires  which  the  bl<K-ks  could  carry  at  once;  the 
numlK'r  c"an  he  increa.sed  at  will  without  disturbing  the  streets.  The 
wires  laid  ran  be  iL^ied  for  telephones,  telegraphic  or  electric  lighting. 

Flcischmann's  improved  mediud  battery,  which  was  shown,  has  a 
l)eculiar  interrupter  of  the  current  by  which  alternate  contraction  and 
relaxation  of  the  nmscles  may  Ix*  obtained  when  the  battery  is  used  for 
medical  purposes.  The  interrupter  is  a  horizontal  swinging  lever — a 
flat  spring  about  five  inches  long,  very  flexii)le  at  the  se<ure<l  end  and 
havintr  a  weiirhted  armature  on  the  other  end  to  be  attKicttnl  bv  the 
electro-magnet.  As  it  swings  to  and  fro  horizontal  contact  is  made 
and  broken  by  the  spring.  Tlie  pulsations  are  regular  and  cjui  Ix- 
varietl  from  GO  to  300  jxt  minute.  It  requires  very  small  attractive 
power  in  an  electro-magnet  to  keep  it  in  motion.  The  batter)' also  hits 
an  interriijiter  which  may  be  us(h1  by  itself.  A  m<Hlifie<l  (Irenet  bat- 
tery is  use<l. 

T.  AngcH's  j)ortable  vaccum  steiun  heater,  made  by  James  V.  A\'tMxl 
<&  Co.,  was  shown  by  nKxlel.  In  the  hot  air  chamber  are  a  numl>cr  of 
tubes  closeil  at  both  eiuL^  and  exhausteil  of  air,  but  containing  a  small 
quantity  of  water.  Eaih  tulx'  is  independent  of  the  others,  and  wich 
is  hermetically  closetl.  A  small  part  of  the  tube  extends  int«)  the  tire- 
chamber,  the  greater  part  being  in  the  hot  air  chamlxr,  which  has  the 
usual  induction  and  (.sluction  air  tines. 

The  American  star  bicycle  was  exhibited  by  the  manufacturei*s, 
Messi-s.  Presslv  and  C!«»well.     It  was  invonteil  bv  G.  W.  Pres.-lv,  and 
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has  the  smaller  guiding  wheelin  the  front,  to  prevent  "headers."  The 
wheel  is  strongly  constructed  and  is  propelled  by  a  system  of  levers  and 
clutches  instead  of  by  crank. 

Crocker's  reversible  self-packing  and  cleaning  filter  can  be  tho- 
roughly cleansed  without  removing  it  from  the  faucet  by  simply 
reversing  the  ball,  and  turning  on  the  water.  The  filter  acts  by 
allowing  the  liquid  to  pass  through  two  fine  metal  strainers,  and  a  body 
of  animal  charcoal,  which  can  be  easily  renewed  at  any  time.  If 
desired,  a  free  passage  of  the  water  in  a  groove  around  the  ball,  with- 
out filtering,  can  be  obtained  by  a  slight  turning  of  the  Jiandle 
attached  to  the  ball.  Dessau's  diamond  drill,  the  Burlington  note, 
draft  and  receipt  file,  E.  J.  Smith's  bill  and  paper  file,  and  Fleisch- 
mann's  toy  electric  motor  were  also  shown  by  the  Secretary. 

A  colored  plan  of  the  Library  and  Reading  Room  was  exhibited, 
prepared  by  Mr.  E.  Hiltebrand,  Librarian  of  the  Institute,  for  the  bene- 
fit of  members  consulting  books,  and  gives  the  exact  jiosition  of  all  the 
cases,  their  number  and  the  general  subject  of  their  contents,  so  tiiat 
any  one  can  readily  find  the  proper  case  without  the  aid  of  the  officer 
in  charge. 

A  communication,  inviting  the  co-operation  of  the  Franklin  Insti- 
tute in  the  preparations  now  being  made  for  the  celebration  of  the  Bi- 
centennial of  the  landing  of  William  Penn,  was  read.  A  committee 
consisting  of  Charles  H.  Banes,  Coleman  Sellers  and  Dr.  Isaac  Norris 
was  named  to  represent  the  Institute  in  the  matter. 

A  resolution  for  the  appointment  of  a  committee  to  confer  with  other 
bodies  on  the  subject  of  the  removal  of  a  part  of  the  Permanent 
Centennial  building  to  Washington  Square  was  offered  by  Mr.  Eldridge. 

Mr.  Weaver  said  that  he  had  been  informed  that  the  work  of 
improving  Washington  Square  was  about  to  be  commenced,  and  in 
reply  Mr  JMitchell  said  that  he  believed  Washington  Square  could  not 
be  used  for  any  other  purpose  than  that  of  a  public  square. 

Mr.  Eldridge  said  he  could  not  see  that  any  harm  could  come  from 
the  appointment  of  the  committee  which  was  only  to  be  prepared  to 
get  information  on  the  subject  if  the  movement  should  amount  to  any- 
thing. If  the  building  could  not  be  moved  to  Washington  square  the 
committee  would  have  nothing  to  do. 

Mr.  Weaver  moved  to  indefinitely  postpone  the  resolution,  which 
was  agreed  to,  and  the  Institute  tlien  adjourned. 

Isaac  Norris,  M.D.,  Secretary. 


JOURNAL 


FRANKLIN  INSTITUTE. 

OF  THE  STATE  OF  PENNSYLVANIA, 

p\jR  thp:  promotion  of  the  mechanic  arts. 


Vol.  CXI.  MA  V,  1881.  X<..  5. 

The    Franklin    Institnte    i.s    not   responsible    for    the   statenaent.s  and   opinions 
advanced  by  contributors  to  the  Journal. 


ON  THE  RATIO  OF  EXPANSION  AT  MAXIMUM 
EFFICIENCY. 


J>y   K.  11.  TiiiRSTON. 
Kintl  latori-  tiie  AniiTii-tn  Suciity  of  Mei'hanical  Engineers,  May,  18.S1. 


In  all  heat-engines  the  method  of  transformation  of  heat-energy  into 
useful  meehanical  work  is  the  following : 

A  certain  mass  of  the  working  fluid  is  heated  from  a  tempfrature 
whieh  is  usually  not  far  from  that  of  the  atmosphere  up  to  some 
higher  tera|)erature,  T.  This  is  aeeompanied  by  a  definite  increa.>ie  of 
volume,  or  of  pressure,  or  of  both,  and  in  the  Ciise  of  liquids  by  a 
thange  of  physici\l  state  after  jia-ssing  a  certain  point  whieh  is  variable, 
but  definite  for  each  pressure  ;  this  latter  temperature  is  the  Utiling 
point  and  the  change  is  that  known  luj  vaporization.  Evajwration 
l>eing  complete,  the  mass  is  exj)and(.'<l  until  it  has  attaine<l  a  certain 
larger  volume,  To,  the  magnitude  of  which  is  /•  times  that  of  the  initial 
volume,  t\,  with  which  expansion  began.     We  thus  have  the  "  r<itc  of 

'.rpansion,    v  =  -^. 

^^'heu  expansion  is  complete,  the  whole  volume,  tv,  of  steam  or  giu< 
at  the  pressure  jjj  is  rejected  from  the  cylinder  into  a  condenser  or  into 
the  atmospliere,  and  the  piston  which  it  has  ini|K'lkHl  thn»ugh  the 
Whole  No.  Vol.  CXI.— (Third  Series,  Vol.  Ixxxi.)  21 
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total  volume,  V2,  returns  to  the  starting  point,  resisted  by  the  "  hach- 
pressure,"  p^,  of  the  condenser  or  of  the  atmosphere.  During  the  lat- 
ter operation  all  heat  which  has  not  been  transformed  into  work  is 
rejected,  and  an  additional  amount  is  expended,  which  is  equivalent  to 
the  work  done  by  the  piston  upon  the  fluid  during  its  expulsion.  This 
operation  is  also  similar  in  result  to  the  following :  Instead  of  exhaust- 
ing the  working  fluid  as  described,  abstract  heat  from  it  at  the  maxi- 
mum volume,  ^2,  until  its  pressure  becomes  equal  to  the  back-pressure ; 
then  compress  at  the  constant  pressure  p^  until  the  fluid  is  restored  to 
its  original  volume  at  the  pressure  jp^,  which  volume,  in  the  case  of  the 
steam  engine,  may  be  neglected.  In  the  case  of  the  gas  engine  or  hot 
air  engine  this  volume  is  that  of  the  working  fluid  at  initial  tempera- 
ture and  pressure. 

This  process  is  thus  graphically  represented:  In  Figure  1,  the 
fluid,  initially  in  the  state  measured  by  the  pressure  a  E  or  a'  E'  and 
volume  0  a  or  0  a',  is  heated,  sometimes  at  constant  volume,  as  0  a, 
and  sometimes  Avith  compression,  as  from  0  a'  to  a  higher  tempera- 
ture, the  pressure  and  volume  varying  as  shown  l^y  E  A  or  by  E'  A. 
Heated  next  at  constant  pressure  or  at  constant  temperature,  the  mass 
expands,  doing  work,  to  B  or  to  B'.  At  this  point,  v^,  2hy  ^^^'^  supply 
of  heat  ceases  and  the  fluid  expands  "  adiabatically,"  transforming 
into  mechanical  energy  all  the  heat  demanded  as  equivalent  to  the 
work  measured  by  the  area  b  B  c  C,  and  drawing  upon  its  own  stock 
of  heat  to  supply  this  demand.  At  the  end  of  this  stage  the  fluid  has 
a  lower  temperature  and  a  pressure  and  a  volume,  c  C,  0  c  {p^,  v^, 

determined  by  that  temperature  and  the  value  of  /•  =  — ,  and  which 

are  indicated  by  the  location  of  the  point  C. 

Rejecting  heat  at  constant  volume, 
^2,  pressure  falls  to  D,  jhf  ^"*^  then 
rejection  of  heat  continuing  at  constant 
pressure,  p^,  the  volume  is  reduced  to 
that  with  which  it  started. 

The  total  or  gross  work  done  is,  in 

gas    engines,    measured    by   the    area 

"6  ST^  a   B   C  c  a  a,  in  steam  and  vapor 

Fig.  1.  engines  by  this  area  increased  by  a  very 

considerable  amount — the  measure  of  internal,  of  molecular,  work 

which  cannot  appear  on  the  indicator  diagram. 
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Tlio  net  work  clone  is  nu-a.-^in-ed  hy  the  area  ineluded  in  tlie  indicator 
i{\i\\£\'Mn  A  B  C  iJ  E  A.  This  work  is  the  etjuivalent  of  all  heat 
transformed  into  mechanical  work  or  energy.  The  efficiency  of  tlir 
fuid  is  the  ratio  of  net  work  done  to  total  heat  receive<l  l)y  tlie  Huid, 
and  is  a  maximum  when  the  area  A  B  CI)  E  is  a  maximum,  assum- 
ing the  rate  of  expansion  alone  to  vary.  It  is  evident  that  this  maxi- 
mum is  determined,  therefore,  by  the  conditions  which  make  the  area 
h  B  c  C  a  maximum,  which  conditions  are  very  sim]>le  in  the  hot  air 
engine,  and  are  easily  ex[)res,-^e<l,  while  in  tlie  steam  and  in  vapor 
engines  they  are  very  difficult  of  determination  and  expression  in  con- 
sequence of  their  extreme  vari:il)ility. 

But  the  efficiency  of  the  fluid  is  but  one  factor  in  the  determination 
of  the  rate  of  expansion  for  maximum  economy.  The  heat  in  the 
fluid  is  compelled  to  do  its  work,  not  simply  through  that  fluid  as  a 
transmitting  mechanism,  but  also  through  a  machine  which,  as  an 
aj)paratus  intende<l  to  imprison  and  direct  so  subtle  and  elusive  a  form 
of  energy  as  heat,  is  extremely  imperfect,  and  which  has  the  addi- 
tional and  very  serious  defect  of  being  itself  cum bei'some  and  difUcult 
to  start  and  to  keep  in  motion  without  considerable  loss  of  jtuwci- 
within  itself. 

The  useful  work  of  the  machine  is  that  which  it  transmits  l>eyond 
its  own  boundaries  to  other  mechanisms,  and  this  is  a  maximum  at  that 
rate  of  expansion  which  gives  energy  to  the  machinery  of  transmi>- 
sion  beyond  the  engine  at  least  cost  in  lieat  expended.  This  ejficienct/ 
of  the  system  is  therefore  the 
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product  of  two  factors,  the 
efficiency  of  the  Jiuid  and  the 
efficiency  of  the  c/jyjwf  (^msid- 
eredas  a  piece  of  mechanism. 

(1)  Taking  fii-st  the  purelv 
ideal  case  in  which  the  me- 
chanism is  assumed  to  l>e  per- 
fect and  the  rate  of  expansion 
the  oidy  variable  element,  we 
may  by  examining  Figure  2 
see  at  once  what  should  be  the 
value  of  that  rate. 

It  is  obvious  that  the  rate 
of  expansion  simply  determines  how  far  the  transformation  of  stored 
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heat-energy  existing  at  B  shall  be  continued  by  the  development  of 
work  during  the  expansion  of  the  working  fluid.  It  is  equally  obvious 
that  this  expansion  shall  continue  until  the  gain  of  work  by  further 
expansion  is  more  than  balanced  by  losses  avoidable  by  termination  of 
that  process. 

First :  Wliere  the  only  loss  is  due  to  a  fixed  back-pressure,  F D=p^y. 
it  is  seen  that,  were  expansion  to  cease  at  C,  the  work  which  would 
have  been  done  had  the  expansion  line  B  C  extended  to  the  right,, 
beyond  C  is  lost,  and  that  the  counterwork  of  back  pressure  beyond 
that  point  is  gained ;  but  the  former  exceeds  the  latter  and  the  net 
result  is  a  loss  by  incomplete  expansion.  On  the  other  hand,  were  the 
rate  of  expansion  increased  so  that  the  expansion  line  becomes  B"  E^ 
the  back-pressure  line  is  reached  at  D' ;  beyond  this  point,  we  note  a 
gain  of  work  done  usefully,  which  is  measured  by  the  area  D'  E  F 
F'  D',  while  a  loss  accrues  by  back-pressure  measured  by  D'DFF'I)'.^ 
We  thus  again  meet  with  a  net  loss  which  is  represented  by  D'DED' , 
and  expansion  has  evidently  been  carried  too  far.     Making  the  value 

of  /•  =  —  such  that  expansion  reaches  the  back-pressure  line  at  i> 

and  p.-^  becomes  equal  to  p.^,  we  meet  with  neither  kind  of  loss,  and  it 
follows  that  expansion  should  in  this  ideal  case  be  continued  until  the 
expansion  line  meets  the  back-pressure  line. 

This  may  be  readily  shown  by  other  methods.  It  was  shown,  nearly 
two  generations  ago,  by  Sadi  Carnot,  that  maximum  efficiency  oi fiidd 
is  attained  when  expanding  between  the  widest  possible  limits  of  tem- 
perature. 

It  is  now  well  known,  and  it  is  shown  by  every  elementary  treatise 
on  physics,  or  mechanics,  or  thermodynamics,  and  on  heat-engines, 
that  the  efficiency  of  the  fluid  in  any  heat  engines  is  measured  by  the 

J" ^ 

expression  -i i  in  which  1\  and  T^  are  the  temperatures  of  recep- 
tion and  rejection  of  heat  measured  from  the  "  absolute  "  zero.  But 
this  maximum  range  of  temperature  corresponds  to  the  maximum 
attainable  range  of  pressure,  and,  the  upper  limit  being  fixed,  this 
range  is  determined  by  the  value  of  r  and  is  a  maximum  when  p^  = 
p.^  and  expansion  continues  to  the  back-pressure  line. 

A  general  aualytical  demonstration  is  obtained  in  the  following 
manner:  Given  p^,  i\,  v^,  Ps  to  find  the  value  of  rate  of  expansion  r 
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to  make  the  net  work  done  a  maxinium.     This  \vr>i-k.  .1  B  C  ]>  E, 
Fig.  1,  is  measured  hy 

^K  =  Pi>\  --  j  J'  ^^'"  —  P,  ''j :  <  1 ) 

it  is  a  maximum  wlien  the  varial)le  part  I  y>  dv  — /j^  i-  a  maximum. 

The  method  of  variation  of  p  with  variation  of  r  is  determined  In- 
various  conditions  which  need  not  be  discussed  liere  and  wliich  d<»  not 
jittect  our  analysis.  Let  this  rehition  he  such  tliat  we  may  write,  as 
experiment  indicates  that  we  may  do  witli  practically  close  apj^roxi- 
mation, 

]h  ^-i"  =  P2  ^2". 
Thus  we  have 

'''n   =  r\   ^'l    -    )  P  (f^'   —  1',   '2  ■■ 

—  Pi  'l     I      ; P:i  '2>  K") 

n  —  1 

or,  where  n  =  1, 

K=Pi^\{^  +  ^og,r)-p,i-,  (3) 

Determining  the  maximum  for  the  first  and  usual  case,  we  get 

a  r  \  n — 1  /    dr 

-whence  r=  (bll\T,  =  (P^l  =  !i.  ,4^ 

Hence  y^j  =  p.,  and  the  rate  of  expansion  for  maximum  ethcit-ncy 
.is  that  wliich  makes  the  terminal  direct  pressure  e([ual  t<>  the  pressure 
.resisting  the  motion  of  the  piston. 

This  analysis  must  be  modified  when  the  expansion  line  is  an  equi- 
lateral hyperbola,  in  which  ca.se  we  have  n  =  1  and  y>,  r,  =  p.,  v,. 
This  case  is  often  a.«^umed  in  tlie  theory  of  gas  and  air  engines,  as  it 
is  that  of  isotliermal  expansion ;  biit  it  is  probably  rarely  observetl  in 
iictual  practice,  and  ])erhaps  never  occurs  in  steam  and  vapor  engines. 
In  simple  adculatious  of  work,  however,  the  assumption  does  not 
usually   lead    to    .serious    error,*    and,    so   expanding    the    working 

*See  a  neat  deinon.>Jtration  of  this  case  by  Professor  Marks  iu  tlie  JoCR.  Fkaxk- 
JLiN  In.^titi'TK,  June,  1S80. 
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fluid,  the  energy  exerted  by  it  up  to  tlie  point  of  cut-otf  is  equal  to 
the  lost  work  due  to  back  pressure ;  the  net  work  done  is  measured 
by  the  total  area  under  the  expansion  line  of  the  indicator  diagram, 
and  the  efficiency  is  proportional  to  log.  /•. 
Thus  we  have 

^^^1  =  Pi  I'l  (1  +  logo  r)  —ps  r  v^ 

a  r  )' 

r  =Pl  =  ^=J^;  (5) 

P3  h  Pi 

whence  we  again  find  p^  =  py 

(2)  But  in  all  real  engines  we  have  a  resistance  to  the  motion  pro- 
duced by  the  expanding  fluid,  which  is  composed  of  two  parts,  an 
actual  back  pressure  on  the  piston  p^  =  p^,  as  in  the  ideal  case  above, 
and  a  resistance  due  to  friction  of  engine,  including  its  pumps  and 
attachments.  It  is  evident  that,  as  the  latter,  p„  like  the  back  press- 
ure, p^,  is  a  constant  source  of  lost  work,  we  must  terminate  the  expan- 
sion as  soon  as  this  source  of  loss  produces  a  greater  loss  of  power  or 
of  Avork  than  is  gained  by  further  expansion.  In  fact,  given  a  certain 
value  for  the  sum  of  these  resistances,  R  =  2\  -\-  p^  it  is  obvious  that 
we  may  consider  the  whole  as  back  pressure,  if  we  choose,  and  that  it 
is  a  matter  of  indifference,  so  far  as  the  determination  of  the  rate  of 
expansion  is  concerned,  what  are  their  individual  magnitudes. 

To  determine  R  =  p^  ~\-  p^,  the  sum  of  resistances  due  to  back 
pressure,  j)^,  and  to  the  frictional  and  other  resistances — as  of  pumps, . 
etc. — denoted  hy  Pf,  take  an  indicator  card  from  the  engine  unloaded. 
Its  mean  pressure  measures  the  friction,  jJf,  of  the  unloaded  engine, . 
and  this,  increased  by  a  fraction  of  the  pressure  added  by  the  load,* 
is  the  value  of  Pf.  Or,  still  better,  determine  the  indicated  and  the 
dynamometric  power  of  the  engine  simultaneously;  their  difference  is 
lost  work,  and  the  value  of  p^,  corresponding  to  that  work,  is  that 
required. 

Hence,  for  actual  engines,  where  no  other  cause  of  loss  exists  to  any 
appreciable  extent,  as  in  some  types  of  air  engines,  we  may  write 

^K  =  P.  i\  +  ^^'~f'^  -  {Ps  +  Pf)  V2  (5) 

n — 1 

*  Experiments  made  at  the  Novelty  Works  for  the  Navy  Department,  1865-67,  and 
others  made  later,  do  not  exhibit  this  increase. 
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and  1)}'  the  pnx'oss  already  outlined  we  ()i)tain  a  niaxinjuin  and  deduce 

I'l  =  y^-j  ~  P(  (6) 

irence:  Where  the  only  ntriable  lorn  is  due  to  hurl:  j/resHure  (ind  to 
friction  of  the  engine,  the  rate  of  expdnsion  nhordd  he  siich  as  to  eaHne 
expansion  to  the  mean  jtrcMsure  line  of  the  enr/ine  diof/ram  takni  vith- 
out  load;  ihe  useful  work  is,  as  Ix-'fore,  tlie  gross  work  done  during 
expansion,  and,  thus  adjusted,  the  net  useful  work  and  the  ettieiencv 
are  nearly  proportional  to  log.  /■. 

These  conclusions  may  he  taken  practically  without  tpialiticalion  tor 
all  actual  engines  in  which  the  working  Huid  is  g;iseous  and  ^ul)je<'t  to 
little  direct  loss  of  heat. 

(3)  For  steam  an<l  other  vapor  engines  still  further  and  still  greater 
m(Klifi«ition  is  necessary,  since  in  such  engines  the  departure  from  the 
ideal  conditions  first  assumed  is  not  only  greater  than  in  gjis  and  air 
engines,  hut  is  so  greiit  as,  in  most  cases,  to  lead  to  radically  different 
rates  of  expansion.  Even  in  the  gas  engines,  the  action  of  the  work- 
ing fluid,  as  assumed  ahove,  is  very  greatly  m(Klifie<l  hy  such  variations 
from  the  ideal  conditions  as  are  here  referred  to. 

These  engines — steam  and  vapor — are  imj)elle<l  l»y  a  fluid,  which  is 
a  vastly  better  receiver  and  tnuismitter  of  heat  than  the  permanent 
gases.  Steam  takes  up  and  loses  heat,  in  the  pr(K?esses  of  formation 
and  of  condensjition,  with  extreme  raj)idity.  The  working  fluid,  in 
all  steam  engines,  is  readily  condensihle,  and  exchanges  hejit  with  the 
metallic  surfaces  of  the  working  cylinder  with  the  greatest  free<lom. 
It  is  usually  more  or  less  wet,  and  its  humidity  is  suhje'ct  to  rapid  and 
extreme  variation  in  the  coiiise  of  the  movement  of  the  jiiston. 

ExpK)sive  and  other  gas  engines  are  im|>elle<l  hy  a  mixture  of  hot 
gaseous  and  vaj)orous  prinlucts  of  comhustion,  of  which  tlu'  latter  |)or- 
tion  is,  like  the  working  fluid  in  the  steam  and  other  vajHir  engines, 
suhject  ti)  rapid  and  considerable  changes  of  thermal  state.  Enclosc<l, 
usually,  in  a  chamU'r  the  sides  of  which  are  kept  C(X>1  hy  a  water- 
jacket,  enormous  (piai)tities  of  heat  are  lost  a.s  exjiansion  pnK"ee<ls,  and 
the  efficiency  of  the  machine  is  corresjHMulingly  diminisheil,  ami  the 
economicjil  rate  of  expansion  is  altere<l  by  the  iucreasiil  losses  which 
accompany  the  higher  rates.  It  is  ciiiiily  seen  that,  should  tlu-^-  los>*es 
increase  in  a  high  ratio,  with  large  rates  of  expansion,  a  point  will  l)e 
reachtnl.  and  may  be  reacheil  (piickly.  at  which  any  givater  expansion 
will  result  in  a  U»ss  exceetling  in  amoimt  the  work  g-ainwl  by  the 
extension  of  the  expansion  line.     This  jwint  may  Ik?  rejiclKxl,  and  pro- 
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bably  often  is  readied,  long  before  attaining  the  limit  set  by  the  value 
of  the  resistances  already  studied.  In  such  a  case,  we  may  call  this 
limit  that  of  the  virtual  back  iwessure  due  to  condensation,  and  may 
designate  it  as  jj^. 

(4)  In  the  steam  engine  a  still  more  complicated  set  of  phenomena 
is  to  be  met  with,  and  the  result  of  their  action  is  similar  to  that  just 
described. 

Supj)0se  steam  to  enter  the  steam  cylinder  perfectly  dry,  and  to 
expand  adiabatically.^  As  expansion  progresses,  after  the  closing  of 
the  steam  valve  by  the  expansion  gear,  the  work  done  by  the  working 
fluid  results  in  the  transformation  of  so  much  heat  into  mechanical 
energy — which  heat  Ciin  now  only  be  obtained  by  drawing  upon  the 
stock  contained  in  the  steam  itself — that  a  part  of  the  steam  becomes 
liquefied. 

This  fact  was  shown  by  Rankine  and  by  Clausius,  by  the  study  of 
the  thermodynamics  of  the  case;  but  it  can  easily  and  satisfactorily 
be  shown  by  any  student  or  engineer  who  will  take  the  trouble  to  cal- 
cuhite  the  "  total  heats  "  of  steam  at  the  pressures  found  at  the  l)egin- 
ning  and  at  the  end  of  the  expansion  line.  It  will  be  found  that  the 
work  done  during  the  expansion  is  greater  than  the  mechanical  equi- 
valent of  this  difference,  and  it  follows  that  a  part  of  it  must  have 
l)een  done  at  the  expense  of  the  heat  of  evaporation  of  the  expand- 
ing mass.  This  must  be  the  case  up  to  a  limit  at  which  the  sensible 
heat  of  steam  is  just  equal  to  the  latent  heat  of  the  mass  when  indefi- 
nitely exi)anded  at  the  absolute  zero,  and  is  about  -ll^^|-5-iJ-  =  1437'^ 
±  absolute,  a  tem})erature  only  attained  at  the  red  heat. 

Steam,  therefore,  condenses  in  the  steam  cylinder  unless,  by  super- 
heating or  by  the  use  of  an  efficient  jacket,  considerable  heat  is  sup- 
plied it  during  expansion  or  before.  This  amount  is,  however,  insig- 
nificant in  comparison  with  direct  losses  of  heat;  it  can  probably  never 
approach  ten  per  cent,  of  the  heat  supplied,  and  is  more  likely,  usu- 
ally, to  be  a  very  nmch  smaller  figure,  perhaps  two  or  two  and  a  half 
per  cent,  for  average  cases. 

Initial  condensation  and  later  re-evaporation  of  steam  in  the  steam 
engine,  and  initial  condensation  without  subsequent  re-evaporation,  in 
gas  engines,  give  rise  to  losses  that  are  both  absolutely  and  relatively 
very  great  wherever  the  range  of  temperature  during  expansion  is 
very  considerable,  and  especially  with  low  back  pressure. 

*  Without  receiving  or  losing  heat  by  exchange  witli  surrounding  surfaces. 
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The  steam  passing  out  of  the  exhaust  ports  to  the  condenser  or  into 
the  atmosphere  is  moist  and  heavy  with  the  water  of  condensation, 
and  is  a  g-ood  conductor  of  Jieat  as  well  as  a  verv  greed v  absorbent. 
It  sweeps  out  of  the  cylinder  large  quantities  of  heat  abstracted  from 
the  inner  surfaces  of  the  cylinder,  leaving  those  surfaces  comparatively 
cold  and  wet  with  a  chilling  dew.  The  entering  steam  meets  these 
cold  metallic  and  li({uid  masses  and  is  condensed  in  sufficient  quantity 
to  reheat  them  to  the  temperature  of  prime  steam.  As  the  piston 
moves  forward  it  uncovers  new  surfaces,  and  condensation  continues 
until,  sometimes,  a  large  fraction  of  the  steam  supplied  lies  in  the  cyl- 
inder or  floats  in  the  uncondensed  steam  as  water  and  mist.  Toward 
the  end  of  expansion,  and  especially  during  exhaust,  re-evaporation 
occurs  at  lower  pressures  and  to  a  similarly  serious  extent.  Thus  heat 
is  constantly  transferred  from  the  steam  to  the  exhaust  side,  and,  doing 
almost  no  work,  is  wasted,  and  the  efficiency  of  the  engine  and  the 
cost  of  fuel  are  greatly  affected.  The  heat  thus  lost  frequently  amounts 
to  25  per  cent,  of  the  total  supplied,  and  has  been  known  not  infre- 
quently to.  amount  to  50  per  cent.  In  one  case  noted  by  the  writer 
initial  condensation  was  as  high,  cd  least,  as  80  per  cent.* 

Since  loss  from  this  cause  has  been  found  to  be  so  s^reat,  and  to 
increase  so  rapidly  with  increased  expansion,  that  it  practically  often 
sets  an  early  limit  to  the  economical  increase  of  the  rate  of  expansion, 
it  is  evident  that  we  may  determine  a  point  such  that,  expansion  being 
•carried  beyond  it,  the  losses  due  this  cause  will  exceed  the  gain  of  work 
done  by  the  expanding  fluid,  precisely  as  in  the  cases  already  cited. 
Measuring  the  loss  at  such  a  point,  we  may  determine  the  equivalent 
in  foot-pounds  of  M'ork,  and  thence  deduce  the  magnitude  of  a  new 
equivalent  ^'virtual  back  pressure,"  p^.=p^,  which,  if  actually  existing 
as  such  pressure,  would  similarly  limit  expansion. 

*  The  extent  of  the  loss  from  this  cause  is  very  seldom  realized  bv  engineei-s,  and 
«till  less  by  unpractical  writers  on  the  theory  of  the  steam  engine.  Even  Rankine, 
the  greatest  of  all  known  writers,  seems  to  have  failed  to  detect  an  initial  condensation 
of  26  per  cent ,  shown  apparently  by  the  value  obtained  for  the  index  in  his  formula 

for  the  adiabatic  expansion  of  steam  \  p  v  '^'  =  constant) .  He  seems  to  check 
the  discrepancy  introduced  into  his  analysis,  amounting  to  a  loss  of  about  one-fourth 
of  all  heat  supplied,  by  under-estimating  the  efficiency  of  the  boilers,  crediting  them 
with  but  0'54,  where  a  low  estimate,  in  the  opinion  of  the  writer,  would  be  0'65,  and 
a  fair  figure  would  be  0  68  or  O'TO  for  the  cases  taken.  The  writer  has  never  knowii 
tlie  efficiency  given  in  those  estimates  to  be  attained  with  l)oilers  of  such  low  value. 


330  Thurston — Ratio  of  Expandon.      [Jour.  Frank.  Inst., 

This  value  inserted  in  the  formula  representing  the  work  of  the 
steam  would  give  a  measure  of  the  rate  of  expansion  of  maximum 
efficiency. 

We  should  have,  assuming  no  other  losses : 

W,  =  p,  V,  +  Pl^h-I^  -  p^  V,  (7) 

n — 1 

and  should  expand  until  jjg  =  Pcj  ^^^^1  make 


Thus,  for  all  cases,  whether  of  expansion  of  steam,  of  air,  or  of  the 
products  of  combustion  in  explosive  gas  engines,  we  may  determine 
for  each  case  a  certain  "  virtual  back  pressure,"  which  we  may  call  j^vr 
by  which  to  identify  a  point  beyond  which  continued  expansion  lead& 
to  a  loss  of  heat,  or  of  work,  or  of  both  combined,  that  is  greater  than 
the  gain  by  work  done*  in  that  additional  expansion,  and  may  write 
generally : 


.l-n 


ir,  =  p,  V,  +  i^i^i-^il'      _ p^  V,  7-1 -"  (8) 

n — 1 


'■  =  (!)»• 


Where,  as  in  the  case  in  which  air  expands  isothermally,  the  exj^an- 
sion  line  is  an  equilateral  hyperbola,  it  is  seen  that  the  loss  by  the  vir- 
tual back  pressure  is  always  equal  to  the  work  done  in  the  engine  up 
to  the  point  of  cut-off;  for  p,  v^  =  p^  v^. 

The  net  work  done  is  always,  for  such  expansion, 

W^  =  Ih  h  log-e  r  =  2h  Vi  log.,  ^A. 

Py 

In  general,  for  the  net  work  shown  on  the  card  as  2^2  =  Py  =  Pi  ^""J 
p^  i\  =  pi  i\  ?'!"";  p^  ?-°  =  2h>  we  get  for  net  work  : 

iK  =  ^  P,  ..  '-^  =  -^  ,,  .,  [1  -  m~] 

n — 1  r"   1  n — 1  L  \pj       J 

=  ^  P.  r,  (1  -  -L).  (9) 

*  See  "  The  Limitations  of  the  Steam  Engine,"  by  Prof.  Marks ;  Jouknal  Frank- 
lin Institute,  August,  1880.  The  use  of  the  term  "virtual  back-pressure"  is  not 
logically  correct,  as  the  two  methods  of  loss  are  quite  different;  but  the  writer  has 
not  yet  found  a  more  satisfactory  term  to  take  its  place. 
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111  the  effort  to  deteniiiiie  the  vaUie  of  y^.  =  y^  lor  tliis  hi.--t  meth<xl 
of  loss  of  efficiency,  we  meet  with  j.'reat  difHculties.  The  hjss  from 
initial  condensation  and  later  re-evajKiration  is  the  most  serious  of  all 
those  losses  which  in  expansive  engines  are  in  any  degree  due  t<>^ 
defects  of  the  machine  as  a  machine,  and  they  are  among  those  which 
are  controllable  to  a  considerable  extent  by  the  engineer.  No  two 
engines,  however,  ever  exhibit  them  in  the  same  degree,  and  nnxlify- 
ing  conditions  are  so  numenjus  and  so  j)otent  that  the  result  of  the 
iiKjst  painstiiking  efforts  to  classify  and  to  formulate  them  are  likely  t^ 
Ik-  extvedingly  uiisitisfactory. 

This  loss  is  pnjjwrtionally  greater  as  the  range  of  temjK'rature  dur- 
ing expansion  is  greater;  it  is  increased  by  slow  .sjieed  of  engine,*  by 
reduction  of  the  reiil  l>ack  pressure,  by  inerestse  in  size  of  engine  for  a 
given  amount  of  work  done,  by  increase  in  conductivity  of  the  sur- 
faces of  the  working  cylinder,  and  es|)ecialiy  by  wetness  of  steam.  It 
is  retlucetl  by  low  rates  of  expansion,  by  increasing  back  pressures  l>y 
reducing  initial  pressures,  by  increjising  spee<l  of  engine  and  by  spe- 
cial expe<lients,  as  steam-jacketing,  superheating  and  the  division  of 
the  expansion  Ijetween  two  or  more  cylinders,  as  in  "n»inponnd  *'  or 
double-cylinder  engines.  Kven  incrciising  ccjmpression  may  reiluce 
tiiis  loss  and  thus  give  a  higher  steam-line  and  an  alteretl  exjumsiou- 
line. 

The  waste  l^ecomes  the  less,  when  the  sides  of  cylinders  only  are 
jacketed,  the  smaller  their  diameter;  it  is  lessenetl,  when  Ixtth  hwul- 
and  sides  are  Jacketed,  l)y  increasing  diameters,  volumes  Uing  in  Ixdh 
cases  ecjual.  With  sui)erheated  steam,  and  where  there  is  little  initial 
condensation  to  l)e  anticipatetl,  the  shai>e  of  cylinder  is  <letermineil  by 

the  minimum  ratio  of  volume  to  intenuif  superfiees,  /.  e.,— — '-   =    \, 

length 

except — as  is  often,  if  not  usually,  the  aise — when  it  is  controUeil  by 
commercial  considenitions.  The  surfaces  of  the  piston  must  evi- 
dently be  included,  since  the  [trincipal  K»sses — those  due  to  initial  cv»n- 
densation  and  to  re-evaporation — occur  uimui  those  surfaces. 


*  With  speeds  .xo  low  tliat  the  range  of  temperature  of  CTlimler  tturfacee  is  not 

re^tricttnl,  the  totnl  weight  of  steam  con«leiiso<l  is  proluihlv  const.nnt,  and  tho  !<»*.» 
liet'oines  inversely  .is  tiie  spee«l  of  piston,  or  :ls  the  weight  of  stt-ani  {ttk&xe*!  thmnifh  the 
engine.  For  tiiirly  high  and  for  very  high  sjkhxIs  the  writer  take^  this  1<««4  projoT- 
tiitn  to  the  reciprocal  of  the  s<piare  root  of  the  biiee^.1.  .See  records  of  I'.  S.  expansion 
experiments. 
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In  general,  we  may  say  tliat  the  efficiency  of  an  engine  is  some 
function  of  At,  V,  P  and  A  ;  but  the  difference  of  temperature,  At,  is 
a  function  of  pressures  and  time  of  exposure ;  the  speed,  Y,  deter- 
mines time  and  exposure,  and  the  area  of  surface  exposed.  A,  is  a 
function  of  volume,  per  unit  of  weight  of  steam,  and  of  shape  of  cyl- 
inder. All  of  the  conditions  are  so  involved  and  interdependent  that 
the  simple  approximate  expressions  to  be  presently  given  may  be  found 
preferable  to  any  exact  formula,  even  were  it  possible  to  devise  them 
satisfactorily,  and  as  these  simple  expressions  yield,  all  things  consid- 
ered, very  fair  results,  Ave  may  be  fully  justified  in  their  use  until 
extended  and  exact  investigations  shall  yield  better. 

In  gas  engines  the  waste  is  decreased  in  those  in  which  tlie  working 
fluid  meets  only  non-conducting  surfaces,  while  it  amounts  as  a  mini- 
mum to  60  or  70  per  cent,  in  some  slow-running  water-jacketed 
•cylinders. 

Again,  we  find  some  interesting  compensations.  The  difference  in 
back  pressure  between  non-condensing  and  condensing  engines  is  pro- 
ductive of  such  a  wide  difference  in  the  range  of  temperatures  worked 
through  in  usual  cases,  that  the  writer  has  been  accustomed  to  consider 
the  compensation  so  complete  as  to  justify  the  assumption  that  the 
value  of  this  "  virtual  back  pressure  "  may  be  assumed  to  be  indepen- 
dent of  the  magnitude  of  the  actual  back  pressure,  and  to  be  deter- 
mined solely  by  other  conditions  above  noted.  In  steam-jacketed 
engines  the  efficiency  of  the  steam-jacket  is  reduced  by  high  speed, 
while  the  losses  that  it  is  designed  to  check  are  rendered  less  by  the 
reduced  effect  of  other  causes  of  variation  of  the  amount  of  initial 
condensation,  and,  while  this  compensation  is  by  no  means  complete, 
the  error  introduced  by  the  assumption  that  it  is  so  may  perhaps  be 
neglected  in  presence  of  so  many  other  and  such  complicated  causes 
of  irregularity  of  action.  Our  approximation  must  be  anything  but 
close  at  best.  The  exact  expression  would  probably  involve  the 
Newton  law  of  cooling  and  values  of  differences  of  temperatures, 

7?        O 

-deduced  from  Rankine's  formula:  log.  n  ^  A  —  —  —  — 

The  best  that  the  writer  has  been  able  to  do  in  this  direction,  as  yet, 
is  to  make  simple  and  roughly  approximate  expressions  for  values  of 
j3t  =  p,.,  the  proper  terminal  pressure,  which,  while  widely  departed 
from  in  many  cases,  may  fairly  represent  average  practice,  aiid  serve 
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as  a  guide  to  the  tlesigner  and  engineer  until  something  Ixjtter  can  l>e 
done,  thus : 

For  the  common  unjacketed  steam  engine  take  the  hmit  for  jj^.  that 
determined  by  back  pressure  solely  up  to  pn»iins  of  (',  i.r  i»(ilia|)-  7 
atmospheres. 

Then  the  terminal  pre.ssure  should  be,  neiirly,  for  n«tn-conden>ing 
engines  p^  =  p^  :=  j\  -\-  p,  =14-7  +  3'3-r2  =  20  lbs.  per  s<i.  inch 
(1"4  kilos,  per  sq.  centimetre  =:  ri4  atmos.),*  and  we  should  expanil 
to  that  pressure. 

For  condensing  engines  and  fm-  non-condensing  engines  under  very 
high  pressures,  the  limit  is  fixed  by  the  extent  ot"  the  losses  of  heat 
just  described.  For  the  commuii  unjacketetl  engine  at  moderate  s|)eeil 
the  writer  ha-s  been  accustomcHl  to  assume  for  the  rate  of  expansion 
giving  maximum  economy  in  the  common  single  cylindered  unja<kete<l 
engine,  working  at  fair  speed,  /•„  <  h  ^^~p',  for  high-spee<l  engines  ot' 
best  proportions  and  Ibr  comijound  engines,  i\  <  J  |  p  and  r„  -< 
I  p  respectively.  Where  more  variable  conditions  must  be  consid- 
ered, he  has  written,  for  unjacketed  cylinders  or  for  inetlectively  jack- 
itfd  engines, 

/•   =     '.    =   JL  =  O02  1     1 '  V  /*    =  "'l"'   I     V   \  P,  nearlv;t 
'         p,  p^  I     >   ^N  i  , 

50  8 

1)  =  p^  =  p,  =  ■  :=  —  :,  nearlv  ; 

where  8  is  the  speed  of  piston,  A'the  number  of  cylinders  when  the 
engine  is  "compound,"  I\  and  P,„  are  the  initial  pres>;ures  |H'r  s<piare 
inch  and  i)er  s<piare  centimetre,  and  p^  is  the  terminal  i>ressure. 
For  well-jacketed  engines  we  may  take,  roughly, 

/•  =  _.  =  —  =  0*5  I    Y/T  =   1-7. J  1    \p  ,  nearlv. 

2  o-(; 

1)  =:  i)   =:  p   =  — z=i  =  — ,  nearlv. 


*\Vith  large  jiorts  and  tlry  exhaust  steam  this  tigtire  shoiihl  l>e  reiluce«l  10  per  cent. 

t  Kiuory  has  pntposiMl,  as  fair  values,  r,  —  — Ll_,  whore  /'  is  tlio  ;/«(m</.-  prvssuro, 

ami  oonsitlers  the  vahies  thus  obtaim^l  as  hiiije  for  nnlinary  single  cylinder  enpim**. 
ami  small  for  tlie  K'st  coinimuml  ongim'S. 
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In  determining  the  values  of  tlie  index  n  in  the  assumed  expression 
pif-  =  constant,  for  the  equation  of  the  expansion  line,  new  difficul- 
ties arise.  This  index  is  itself  variable  in  each  case  as  expansion  pro- 
gresses, and  no  two  cases  give  the  same  mean  value.  Rankine  takes 
n  =  ^  for  expansion  in  non-conducting  cylinders,  assuming  that  in 
those  engines  on  which  he  experimented  the  conditions  were  practi- 
cally such  as  to  give  this  value.  The  writer  has  no  doubt  that  the 
steam  supplied  them  was  practically  dry,  but  Zeuner  has  shown  that 
.the  value  of  n  is  pretty  nearly 

n  =  1-035  -f  — 
10 

where  x  measures  the  proportion  of  steam  present  or  the  "  dryness 
fraction."  For  x  =  1,  n  =  1'135,  as  tabulated,  and  for  n  =  I'lll, 
as  taken  by  Rankine,  we  have 

X  =  10  (1-111— 1-035)  =  0-76, 
showing  that  initial  condensation  must  have  produced   24  per  cent, 
water,  a  fact  which  introduces  an  error  in  his  estimates  of  heat  sup- 
plied to  the  engine  from  the  boiler. 

In  none  of  the  values  above  given  is  the  fact  exhibited  that  the 
effect  of  the  phenomenon  here  studied  at  some  length  is  to  cause  a 
rapid  fall  of  the  expansion  line  at  the  start  and  a  considerable  rise  at 
the  end,  thus  causing  the  line  to  depart  from  the  curve  represented  by 
pv^  =  C  to  an  extent  that  cannot  l)e  definitely  stated.  The  value  of 
the  index  is  rendered  by  this  cause,  also,  not  only  very  variable  for 
different  cases,  but  it  is  probably  usually  varied  constantly  along  the 
expansion  line  in  each  case  by  these  new  variable  conditions.  So  great 
are  these  departures  from  any  laws  yet  expressed  by  formulas  that  we 
may  be  justified  often  in  taking  advantage  of  the  fact  that  the  curve  as 
often  approaches  the  equilateral  hyperbola  as  any  other  regular  curve. 

Where  steam-jacketing  is  so  efficient  as  to  prevent  condensation 
during  expansion,  and  where,  assuming  it  possible,  superheating  can 
be  made  so  effective  as  to  prevent  initial  condensation,  the  transfer  of 
heat  from  steam  to  exhaust  without  transformation  into  work,  in  the 
manner  here  considered,  would  be  greatly  reduced,  and  perhaps  so  far 
as  to  make  the  limit  p^  =  p^  -\-  p^,  as  in  non-condensing  engines  with 
low  steam. 

The  compound  engine,  with  receiver,  offers  peculiar  opportunities 
to  secure  these  conditions  by  superheating  between  the  two  cylinders, 
as  has  been  done  by  Corliss,  Leavitt  and  others. 
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The  last  column  of  tlif  large  table  exhibits  this  case,  assuming  yy, 
=  /?(  =  ;y,,  +  P(  =  ~i  H>'''  ^  he  value  of  /'  is  increased  for  a  given 
value  of  yy„  often  to  a  considerable  extent  in  actual  engines,  bv  re-eva- 
jioration. 

The  tabulated  values  of  i\  may  be  tiiken  as  maxima  for  low  press- 
ures and  minima  for  high  steam,  and  in  the  latter  case  considerable 
departures  from  them  in  the  direction  of  larger  values  have  often  pro- 
duced but  little  difference  of  efficiency. 

The  following  are  values  of  7i  for  various  cases  commonly  found  in 
real  work,  or  taken  in  theoretical  discussions: 

^"ALUES   of  )i    IN  jjr"    =    CONSTANT. 

Air,  isothermal  expansion,  .  .1*0 

"     adiabatie  "  .  .  1-4 

"     wet  and  adial)atic,       .  .  .      I'li 

Gases  generally,  isothermal,  .  .  TO 

"  "         adiabatie,  .  .1-4 

"■     in  explosive  gas  engines,  .  l"'j 

Steam,  dry  and  satuniteil,  .  .     r04G 

"      adiabatie,        .  .  .  ]-]:V) 

Steam,  0-7U;  water,  (»-24.  .  ,1111 

"      superheated,    .  .  .  1*333 

Steam  and  water  generallv,  n  =  r035  —    

^  •  in 

The  absolute  values  of  the  weights  of  steam  useil  in  engines  under 
the  conditions  above  considered  cannot  be  preilicted  with  any  greater 
accuracy  than  the  proper  rates  of  expansion.  The  ex|>enditure  of 
heat  in  this  meth«Hl  of  waste  increases  in  some  undetermiiuHl  ratio 
%vith  the  increjise  of  the  rate  of  expansion,  and  the  writer  has  usual Iv 
anticipated  a  lass  at  lejist  i)roportional  to  the  square  root  of  that  rate, 
and  would  add  a  j)ercentiige  ecpial   usually  to  at  least  /*,  =:  Q-l   j     ^.  , 

and  often  to  A,  =  •*J")  |    "^7,  to   the   amount   c;dculate«l   ordinarily   bv 

Rankine's  metluxls,  and   would  expect  the  weight  of  steam  use<l   t<» 

,     ,  ,          20<)         ,  24 

reach     11     =  ;    II    =    — :^-^  ;  nearlv,  in  general   practice  and 

with  good  engines 
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In  the  ^('iier.il  expression  for  loss  by  initial  condensation,  h^  =  a 
I     / „ ,  tlic  writer  luus  used  the  following  values  for  the  ef)efficient  (i: 

I  ii|;ioketc(l  rvlinders,  .  .  .  ion/k        y     / 

I  1J«J<>  -H   I  „  (l^ 

( Cylinders  with  sides  jacketetl,  .  (>ln 

('vlindcrs  with  sidtw  and  heads  ja<"kete<l,      .  O-oT 

in  whieh  f/ and  </„,  are  diameters  of  cylinders  in  in<he<  and  <'entinietres 
and    land    K,„  are  velocities  of  piston  in  feet  and  metres. 

Similarly  rough  stiitements  of  probable  weight  of  .steam  per  hoi-so- 
power  and  per  hour  for  a  wider  range  of  nverage  go<Ml  conditions,  as 
used  i)y  the  writer,  hav<'  i)een  (minima) 

\V  = ;    ir,„  =  -    '  \,  for  fast  or  jacketetl  engines; 

log.  P^  log.  /I 

II    = ;    II  „,  =   ,  tor  uniacketed  cv  ni*  ers. 

iog.(P,T)'  i<.K.(P™rj' 

Where  the  ratios  of  expansi(»n  have  been  mad(^  those  of  maximum 
efficiency,  the  closest  apj)roximali'»n  has  been  attainc<l  bv  taking 

ir=  -li-(i^rii    .):  "'„.  =  ,-^(i--i,  7K 

log.  i\  log.  r, 

as  the  exj>enditurc  will  in  such  cases  approximate  most  nearlv  to  a 
<lircct  ratio  with  the  net  energy  obtained  per  diagram.  These  values 
arc  adopted  in  the  following  table.  It  is  evident  that  the  higher  the 
value  of  r.,  the  better  the  type  of  engine,  and  tli:it  we  are  here  given 
a  good  gauge  by  which  to  make  comparisons  of  the  ef!ieiencv  of  dif- 
ferent kinds  of  engines. 

These  values  accord  nuKlerateiy  well  with  the  observation  and  ixju- 
rience  of  tlu'  writer  where  engines  of  good  design  have  l)een  com- 
pared, and  may  possibly  j>rove  useful  to  othei>  in  designing  or  in 
drawing  up  specifications.  Like  the  values  of  p^  or  (»f  /•,  thev  can 
only  bt!  taken  as  probable  means,  and  adopted  provisiouallv.  until 
I>cttcr  and  more  accurate  vahies  have  been  deteiniined  for  a  wider 
range  of  conditions. 

Thus,  we    have    the   following    [)robable  values  of  weight  t>f  steam 
demanded  where  the  rati*)  of  expansion  is  corrtvtly  adjusted  : 
Whoi.k  No.  Vei..  C'Xl. — (Thiku  SKRity,  Vol.  Ixxxi.)  •_'•_' 
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Probable  Minimum  Weights  of  Steam  per  Hour  per  Horse-power. 


W 

w^  1 

W 

w^  \ 

1 

W 

w^ 

»'e 

Pounds. 

Kilos.  1 

»-e 

Pounds. 

Kilos. 

^•e 

Pounds. 

Kilos. 

3 

32 

15 

8 

20 

9      ! 

13 

19 

8 

4 

27 

12 

9 

19 

9 

14 

16 

7 

5 

25 

11 

10 

19 

9 

16 

16 

7 

6 

22 

11     i 

11 

18 

i 
9      i 

20 

15 

7 

7 

20 

9 

12 

17 

8 

i 

25 

15 

7 

Taking  the  proba})le  minimum  expenditure  of  coal  per  hour  and 
per  horse-power  at  one-ninth  the  weiglit  of  steam  demanded,  we  get 

TP  =  Jl-  (l+O-li    -),  TP^  =  ^^?_  (l+O-lv^T)- 


log.  ;•„ 


loof.  r„ 


and  thus,  assuming,  as  before,  the  best  probable  conditions  and  the 
ratio  of  expansion  giving  a  minimum  cost  of  steam,  we  obtain  the  fol- 
lowing : 

Probable  Minimum  Weights  of  Coal  ^jer  Horse-power  per  Hour. 


W 

W'„ 

1 

ir 

TF. 

W 

Tf^m 

r. 

Pounds. 

Kilos. 

1 

Pounds. 

Kilos. 

r. 

Pounds, 

Kilos. 

3 

3-5 

1-6 

1 

i     8 

2-2 

1-0 

13 

■    1-8 

0-9 

4 

3-0 

1-4 

9 

2-1 

1-0 

14 

1-8 

0-8 

5 

2-8 

1-3 

10 

2-1 

1-0    ! 

16 

1-8 

0-8 

6 

2-3 

1-1 

11 

2-0 

0-9 

20 

1-7 

0-8 

7 

2-2 

1-0 

12 

1-9 

0-9    i 

25 

1-7 

0-8 

For  cases  in  which  the  boiler  gives  an  evaporation  of  ten  pounds  of 
water  per  pound  of  coal  we  may  get  ten  per  cent,  better  figures.* 

*  A  private  letter,  lying  on  the  table  of  the  writer,  giving  results  corresponding 
with  the  case  assumed  as  giving  i\  =  20,  states  the  coal  consumption  at  l"o  pounds. 
This  is  obtained  by  one  of  the  oldest  and  mast  distinguished  engineei"s  in  the  I  niteti 
States.     The  boiler  has  about  this  maximum  efficiency. 
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So  far  as  tlio  cxperifnco  of  tlu'  writer  ami  comparisons  nia<k'  l)v  him 
Avith  (latii  j^ivon  hy  tlio  l>cst  txjMrimcnt.s  liavi'  t!Xt<'n<l(*<l,  tlies**  rtj;ur»> 
Jiavc  j)roven  .so  far  acconjaiit  tliat  lie  does  not  liesitate  to  use  them  iii 
<'<timatin;^  j)robal)l<'  results.  A(l<linj^,  say,  '10  |>er  ct'iit.  will  j^iv<-  ti<;- 
iires  on  wiii«h  to  base  a  gnaranftc  in  making  up  <'ontraet.s,  tor  skill- 
i'lilly  designed  engines. 

The  intro<luetion  of  this  ciciiuiit  |»rai-tiejdly  eompletes  the  theor)- 
of  the  steam  engine.  Every  practicing  engineer  will  l<M)k  with  interest 
for  exj)eriment;illy  <lerived  data  ami  exact  expressions  that  mav  replao- 
iipproximate  formulas  which  as  here  provisionally  usnl  arc  punlv 
empirical  and  have  no  scientific  value. 

I  low  far  the  high  cfliciencies  here  .seen  to  he  jtrohahlv  attainable 
iire  worth  paying  for  is  a  <-ommcrcial  question  of  great  importan(*e, 
i)iit  is  (piite  distinct  from  that  here  consideretl. 

RjOFKUKNiES.  The  (piantities  and  the  empirical  formuhis  and  ruh-^ 
given  by  the  writer  as  (hxlueed  from  ex|)erien<'e  and  <»b.scrvation  mav 
be  compared  with  the  following,  which  compri.se  nearly  all  that  he  has 
been  able  to  find  bearing  upon  the  subject  with  any  degree  of  definite- 
Jiess:  I).  K.  Clarke.  "Manual  for  Mechanical  Kngincei-s,"  |»p.  S.S.s, 
«00;  "  Xorthcott  on  the  Steam  Engine,"  pp.  157,  158;  Lsherwcj^Ml's 
^'Engineering  Researches";  ''('otterill  on  the  Steam  Engine,"  <'hap. 
xi,  especially  pp.  'J!U  to  -JiM);  K.  H.  IJuePs  "  Addenda^^  iu  "Du  lioi.^' 
W'eisbach,"  vol.  ii,  i^  51  "J;  Kankine's  ''  Papers";  Rankine's  "  8te:im 
Engine,"  §  2H2,  28}) ;  "Porter  on  the  Richards  Indic:itor,"  London. 
1.S74,  .s<'ct.  iii. 


New  Actinic  Phenomenon.     M.  Phip>on  prepares  a  /inc  white 

by  precipitating  a  >niphate  of  zinc  bv  nieans  of  a  more  (»r  h-ss  com- 
jtlete  solution  of  barium  sidphide.  The  preeipit;ite  is  phuxil  under  a 
hydraulic  press  and  then  heat^nl  to  redness  in  a  furnac<',  axrv  InMn*; 
taken  to  prev«'nt  too  great  oxidation.  When  the  exjHriment  is  pro- 
perly conducted  and  the  prinluct  is  ex|H».sed  to  sunlight  the  snowv 
A\  hite  gives  place  gnidnally  to  a  brownish  tint,  which  iHt^mies  of  a 
slate  color  in  about  twenty  minutes.  If  placeil  ag-ain  in  the  darkness 
the  dark  >hade  is  gnidnally  lost,  and  in  the  course  of  five  or  six  hours 
it  becomes  as  white  as  snow.  The  experiment  mav  Ik*  n*|>e:Ueil  with 
the  sjime  siKH-imen  as  often  as  may  W  wished. — Tax  Momlrs.  C\ 
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THE  WOOTTEN  L(K^OMOTIVE  ENGINE. 


By  J.  Snowdex  Beij..^ 


A  review  of  the  recent  practice  in  and  present  status  of  Aniericau 
locomotive  engineering,  will  evince  the  fact  tliat,  in  their  eiibrts  ta 
answer  the  requirements  of  increased  tractive  power  and  higher  speedy 
constructors  liave  been,  as  a  rule,  confined  to  such  enlargement  of  the 
capacity  of  the  engine  as  is  resultant  upon  the  increase  of  its  dimen- 
sions, without  material  variation,  either  in  principle  or  details,  from 
patterns  which  have  become  standard  for  diiferent  classes  of  service. 
This  is  particularly  the  case  respecting  boilers,  the  ordinary  type,  with 
plain  furnace  and  fire  tubes  extending  from  the  fire  box  to  the  smoke 
box,  having  entirely  displaced  the  limited  number  of  special  construc- 
tions differing  materially  therefrom,  which  were  devised  and  made  the 
subject  of  more  or  less  extended  practical  tests,  at  and  soon  after  the 
general  introduction  of  coal  as  fuel.  The  most  prominent  of  these 
were  the  Boardman  boiler  (central  flue  and  hanging  fire  tubes,  1849), 
the  Dimpfel  (water  tube,  1850),  the  Milholland  (double  series  of  fire 
tubes,  with  intermediate  combustion  chamber,  1852),  and  the  Phleger 
(lower  and  upper  water  bridges  and  combustion  chamber,'  1856),  each 
of  which  was  abandoned,  after  having  been  brought  into  use  to  an 
extent  sufficient  to  indicate,  in  actual  service,  a  lack  of  practical  value. 
Tlie  Norris  Locomotive  Works,  of  Philadelphia,  built  a  number  of" 
coal-burning  engines  with  the  Phleger  boiler,  and  also  essayed  the 
introduction  of  a  boiler  patented  by  Wm.  G.  Norris,  in  1857,  the 
latter  being  analogous  to  that  of  Milholland,  but  their  efforts  were  not 
crowned  with  success,  and  thereafter  the  ordinary  boiler,  with  an 
increased  proportion  of  fire  surface,  became  the  universal  practice. 

The  necessity  of  enlarging  the  grate  and  fire  box  area,  in  boilers  for 
coal-burning  engines,  met  with  early  recognition,  and  the  late  Ross 
Winans  and  James  Milholland,  Avho  were  the  earliest  constructors 
upon  a  large  scale,  first  made  a  compliance  with  this  requisite  a  special 
feature  in  their  engines.  Each  using  an  overhung  fire  box,  Winans 
lengthened  and  ^Milholland  widened  it,  the  increased  grate  area  of  tiie 
latter  being  obtained  by  laterally  extending  the  fire  box  below  the 
frames  and    bevond   the  drivint;:  wheels.     This  construction  was  not 
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iulaptaljlo  to  ciifrinos  lor  passe ngL-r  ^ervit-e,  liaviiitr  driviiii^  wlieels  ot" 
<'<)mj)arativoly  lar^c  diameter  on  an  axle  hx^ated  lx;lo\v  or  behind  the 
tire  l)ox,  and  tiie  long  f'arnac<;  of  W'inans,  l)eing  the  only  one  suited  to 
such  conditions,  was  adopted,  under  ditt'erent  niodiH<':itions,  and  is  at 
the  pre,sent  time  the  stan<lard  tor  the  ordinary  anthraeite  coal-burning 
passenger  engine.  The  efficiency  of  the  W'inan.-  furnace  was  and  i.s 
restricted  bv  the  liniitntion  jjlaceHl  upon  its  lateral  extension  by  rea«ion 
of  its  positi<tn  l)etween  the  wheels,  such  increjise  of  width  :ls  is  obtain- 
able bv  the  employnu-nt  of  thin  or  "slab"  frames,  or  even  by  the  ele- 
vation of  the  furnace  above  the  fnimas^  l)eing  comparatively  incon- 
siderable. 

Mr.  .1.  K.  Wootten,  (leueral  Manager  of  the  Philadelphia  and  Kea«l- 
ing  Railroad,  has  designed  and  constructed  a  locomotive  lx)iler,  which 
is  the  most  recent  and  most  notable  departure  from  the  stiunlanl 
American  j)ractice.  The  object  sought,  and,  :ls  evidenccil  by  the  jM-r- 
fontianee  of  the  engines,  succe.ssfully  aceomplishe<I,  w:is  t4»  enable  any 
<lesire<l  amount  of  grate  area  to  be  employe<l,  in  a  boiler  adaj»table  to 
all  classes  of  locomotive  engines,  and  to  thereby  attain  the  residtant 
iidvantages,  not  only  of  |»erfecting  the  combustion  of  anthracite  jl-; 
ordinarily  prepare<l,  but  also  of  rendering  practicable  and  eajnomical 
the  consum|)tion  of  a  fuel  which  it  has  not  Ikhmi  hitherto  jK)Ssible  t<' 
burn  in  locomotive;  furnaces,  namely,  fnie  antiiracite  or  "  buckwheat  " 
<'oal  (previously  a  waste  jtriwluct  of  the  Pennsylvania  anthracite 
I'egions)  and  lignite,  or  fo.ssil  wood.  The  distinguishing  i'haracteri>tic 
•of  the  \V<M)tten  locomotive  is,  in  brief,  a  fire  box  which  is  extendi'd 
laterally  over  the  driving  wheels,  without  materially  elevating  the. 
Maist  or  body  of  tiie  boiler.  The  width  of  a  fire  Im)X,  upon  this  plan, 
jnay  Ijc  as  great  :us  desired,  within  the  limits  fixe<^I  by  the  distan^-e 
Itetween  the  tracks,  that  is  to  say,  its  wide  as  any  car  which  will  pass 
ovei-  the  roati,  and  the  undue  elevation  of  the  boiler  is  avoide<l  bv  tln' 
use  of  a  fire  bridge  interjKtseil  I>etween  the  furnace  and  an  atljacint 
c(»mbustion  chamU'r  within  the  waist  of  the  U>iler,  the  height  of  the 
bridge  Iwing  e<piivalent  to  the  depth  of  the  front  water  leg  in  an  ordi- 
nary anthracite  coal-biu*ning  boiler. 

J'his  tire  box  was  ik'signetl  specially  for  the  utiliziition,  ;i.>  fuel,  ot" 
the  waste  produced  in  the  mining  and  preparation  of  anthracite  (N»al. 
This  refuse  material  amounts  to  from  "JO  to  25  \\qv  cent,  of  the  output 
of  the  mines  of  Pennsylvania,  which  for   the   jKist  ye:n-  wa>.  in  round 
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numbers,  23,000,000  ton.?. 


Tlierc  is  usually  mixed  witli  it  from  18  to 
20  i)er  cent,  of  slate  and  other 
impuritie.s,  the  elimination  oi" 
these  being  eifected  by  the  jig- 
^]  ging  process,  which  thoroughly 
E  separates  the  coal  by  agitation 
in  water,  the  denser  slate  fall- 
ing to  the  bottom,  whilst  the 

3  lighter  carbon  passes  off  at  the 
surface.     For  some  time,  the 

J  unseparated  wa.ste,  as  delivered 
from  the  .smallest  mesh  screens, 
Avas  used  in  these  engines,  but 
the  large  percentage  of  con- 
tained incombustible  matter 
rendered  it  necessar}'  to  so  fre- 
quently clean  the  fire,  that  it 

4  was  found  more   desirable  to 
^  separate    such    matter    before 

.  supplying  the  fuel  1o  the  ten- 
der than  to  perform  a  corres- 
ponding operation  in  the  fur- 
nace while  in  service.  It  will 
be  obvious  that  the  tine  parti- 
cles thus  made  available  a.s- 
fuel  can  only  be  consumed  in 
t(j  a  furnace,  the  draught  of  which 
is  .so  gentle  as  not  to  lift  thent 
from  the  grate,  and  it  is  in  this 
particular  that  the  enlarged 
grate  of  the  Wootten  engine, 
by  the  diffusion  of  the  draught 
over  a  very  large  area,  server 
the  purpose  of  maintaining 
comparative  quietude  of  the 
fuel,  even  under  the  intense 
action  of  the  exhaust  blast. 

The  first  engine  of  this  con- 
-struction.  No.  408  of  the  Phil- 
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a^lc'lpliia  :iii(I  K«,a(lin;x  Kailioad,  illustrated  in  ]"i^>.  1  and  '2,  \vil« 
Itnilt  at  tlic  Kcadinji:  shops  (^f  that  coinimny,  and  put  in  service  alxuit 
four  years  sin^c  It  is  oi'  the  t«*n-\vlieolwl  chLSS,  having  six  coupled 
driving  wheels  and  a  four-wheeled  leading  truek,  is  d«signed  for  fast 
freiglit  servi<'c,  and  i<  of  the  fojluwing  general  dimensions: 

(  yliiider-^,  .  .  .  \X  s  24  in. 

I  )ianieter  <•(■  driving  wheeN,         .  •"»  1  in. 

Diainetei-  of  (ruel<  wheels,  .  .Ki  in. 

Wheel  hase,  .  .  20  ft.  .">  in. 

Diameter  <»f  hoiler  at  smoke  lx».\,        .  i')\  in. 

Diameter  of  hoiler  at  rtre  hox,     .  54  in. 

Numlx'r  of  tul)es,  •  KiO 

Length  of  tubes,  .  .  ](►  ft.  2  in. 

Diameter  of  tuU's  (out.side),  .  2  in. 

Length  of  fire  l><»x  (inside),  .  8  ft,  ♦>  in. 

Width  of  fire  lto\  (inside),  .  7  ft.  G.l  in. 

.   Conihustion  ehamher,  .  .'{1  in.  N»ng 

Grate  area,  .  G4  s<j.  ft. 

Heating  surfae<-  of  tul»es,  .  850  sq.  ft. 

Heating  surface  of  fire  1k>x,  .  106  sfp  ft. 

Heating  surface  of  eomhiistion  chamber,  26  sip  ft. 

Total  heating  surface,  .  982  s<p  ft. 

Diameter  of  smoke  stack,  .  20 .\  in. 

Ivxhaust  noz/le,  variable  from  .    4  to  5  in.  diam. 

Weight  (»n  driving  wheels,  .  67,900  11^. 

Total  weight  of  engine,        .  .  St>, !.*)()  \\ts. 

The  ]>erformauce  of  this  engine  wa.><  such  ;l<  to  justify  the  con-«tru<-- 
tion  of  others  having  furnaces  of  the  s:une  plan,  and  at  the  prest^it 
time  there  are  almut  75  in  use  upon  the  Philadelphia  and  Keadingand 
other  railroads  having  ac<'e.'vs  to  the  anthracite  region. 

.\n  engine  of  similar  design  and  ilimensions  (No.  412)  wa«i  exhib- 
ited at  the  Paris  Kxposition  of  1878.  and  was  thereafter  made  the 
subjiH't  of  ex|)eriments  upon  C'hemin  de  Fer  du  Xonl,  ctf  Krance. 
using  as  fuel  anthracite  c«»al  and  firifjurh  composctl  of  pulvcrizeil  bitu- 
minous coal  and  coal  tar.  It  was  alst)  tcstetl  u|>on  the  Aha  Italia 
Railway,  in  Italy,  by  order  of  the  government  of  that  country,  using 
anthracite  and  the  native  lignites  of  various  hx-jilities.  The  re|H>rt  of 
its  jierformauce  on  the  latter  r<vid,  made  by  the  govenuuent  cngint-ers 
Fadda,  ('(Klazza   and    Scncsi.  and    dated    .lulv   14(h.  IsTM.  which    has 
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not  heretofore  been  publislied,  evinces  tliat  upon  a  careful  and  thor- 
ough examination  and  practical  test  of  its  construction  and  capabili- 
ties, these  engineers  found  much  in  the  American  machine  to  approve 
and  nothing  to  condemn.  The  developments  made  in  their  experi- 
ments induced  the  Northern  Pacific  Railroad  Company  to  investigate 
the  practicability  of  burning  lignite,  wiiich  exists  in  considerable 
quantities  within  easy  reach  of  their  line,  and,  accordingly,  some  ten 
or  fifteen  tons  of  this  fuel  Avere  forwarded  to  Philadelphia  in  Decem- 
ber last,  for  trial  in  one  of  the  consolidation  engines  in  use  on  the 
Reading  Railroad.  The  result  was  so  satisfactory  that  several  engines 
have  been  ordered  by  the  Northern  Pacific  Gomjiany,  and  are  now 
under  construction  at  the  Baldwin  Locomotive  Works.  These  engines 
will  have  18  x  24-in(!h  cylinders,  and  a  grate  area  of  81  square  feet. 

The  following  summary  of  the  deductions  expressed  by  the  engi- 
neers in  charge  of  the  Alta  Italia  tests,  will  indicate  the  extent  and 
accuracy  of  their  observations,  as  well  as  illustrate  the  capabilities  of 
the  furnace  with  lignite  as  fuel. 

The  report  states  that,  with  the  lignite  of  Monte  Murlo  (Tuscany), 
the  average  of  evaporation  of  two  succeeding  trips  was  4*20  kilo- 
grammes of  water  for  each  kilogramme  of  fuel.  This  lignite  gave  a 
fine  and  even  fire,  without  a  very  long  flame,  scarcely  a  perceptible 
odor  of  sulphur,  no  sparks  from  the  stack,  and  no  residue  of  combus- 
tion in  the  smoke  box  or  tube,  "  as  is  ordinarily  the  case  in  our  loco- 
motives." The  latter  feature,  being  the  same  with  all  the  qualities  of 
fuel  employed,  is  attributed  by  the  engineers  to  the  special  form  of  the 
furnace,  regarding  which  they  note  that  its  very  large  grate  surface 
allows  the  air  to  pass  through  the  grate  at  a  moderate  velocity,  and 
without  drawing  into  the  tubes  with  the  hot  gases,  small  pieces  of 
fuel  or  other  residue  of  combustion.  Referring  to  the  mode  of  firing, 
which  is  stated  to  be  "  regular  and  demands  no  excessive  fatigue 
for  the  fireman,"  it  is  noted  that  "  a  certain  practice  only  is  neces- 
sary to  thi'ow  the  fuel  to  a  distance  of  more  than  two  metres,  and 
to  keep  it  equally  distributed  over  the  siu'face  of  the  grate." 

Three  experiments  with  anthracite  indicated  a  ratio  of  evaporation 
of  8*36,  and  this  fuel  is  commended  as  possessing  the  very  highest 
evaporative  effect.  A  shalloM'^  furnace  is  held  to  be  indispensable, 
and  it  is  considered  that  the  Italian  engines  could  not  be  suited  to 
its  u.se  without  such  modifications  as  would  make  them  almost  iden- 
tical with  the  Wootten  engine.     In  this  connection,  it  is  noted  that 
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upon  one  <tf  the  trials  the  fin-  nt'  hiit/nrfs  (artiHcial  fuel)  liavint;  ^ivi-ii 
out,  tlio  steam  pressure  fell  to  }•'>  ll».,  Wnt  that,  with  a  delay  of  uiily 
Jen  minutes,  the  tire  was  started  anew ,  and  a  <ufrnicnt  |>r« — ure  attain*'*! 
to  (-«>ntinu<-  th<-  trip. 

Two  trips  were  made  u-in;.'^  the  lignite  <•!"  <  IndiiUfo  (near  'I'revi-oi. 
This  li}::nit<'  \\;ls  almost  all  dust,  hut  huriKMJ  very  well,  with  no  c'S4-:i|m- 
of  sparks  or  traces  in  the  snioke  l)o.\,  ^ivin^  an  averai^e  e\a|Mtra- 
tioii  of  H-<)G  kilo^.  ot"  water  per  kilo^.  <tf  fuel.  Tiie  s|)ecial  <»l>j«^-- 
tion  to  it  is  stat<Ml  to  Ik-  the  larj^e  amount  of  .sulphur  which  it  j-oii- 
tains.  A  third  trial  with  the  Cludunco  li<;nite,  usinj;  the  injector 
instead  of  the  |>ump  and  heater,  indicattnl  a  latio  df  evapomtion  of 
X-X2. 

(  arditl'  coal  dust,  u.se<l  in  one  trip,  hurned  jK-rtectly,  without 
-sparks  or  <leposit  in  tlie  smoke  \mx,  and  with  a  rati(»  of  evajMu-ation 
of  H-Ui). 

The  lignite  of  San  (iiovanni  (Tusetiny)  is  des<'ril)e<l  a.s  iiaving  the 
<\tt'rnal  appearance  of  wckkI,  and  is  very  li^ht  and  therefore  e:L-ily 
<-arried  off  with  the  escaping  jT'i"*^*^"^-  Nevertheless,  it  l)urne<l  (piietly, 
Avithout  sparks  and  with  go<Hl  evaporative  |»owcr.  The  lignite  of 
\  aldagno  Imrned  with  a  JM'autifid  tiame,  and  gave  an  exirllent 
result.  It  is  remarkinl  that  this,  ln^'ing  found  in  alluvial  soil,  is 
iMi\e<l  with  nuich  small  gnivel.  an<l  also  contains  a  (XTtain  <|uantity 
<tf  jnrites. 

.Vs  a  result  of  the  tests,  the  engineer>  e.\pre>s  the  opinion  that 
with  arrangements  analogous  to  the  Wootten  furnace  the  Italian 
I'liel-  c;in  he  conveniently  consume<l  in  their  engines.  Thev  s;iy.  fur- 
ther: "  In  the  seconchirv  order  of  fuels,  Italy  is  sufticiently  rich,  and 
it  iroiihl,  t/icrcjorc,  hr  rcri/  drsinih/r  f/iat  (his  proilnrt  shoulil  nrrirr 
cairfuf  studif,  to  nuthlc  u*  to  nnancipate  o»/'.v<Vrrx,  in  part  at  /inst, 
j'rom  (h'pnuirncr  upon  forri(/n  conntricx  for  y»r/."  Thev  commend 
tlu'  e.xtvllent  ({ualities  of  American  anthracite,  antl  indic:ite  tiiat  the 
advisahility  of  its  adoption  de|>ends  only  ujxui  the  determination  of 
the  (piestion  (»f  its  cost  and  that  ot"  the  neeessirv  nKxliHr-tition  ot" 
their  fire  hoxo. 

-V  t'ull  descri|)tion  ot'  the  engine  is  given,  with  notes  ot"  approval  of 
sundry  points  which  were  novi-l  to  tlu'  Italian  practice,  and  it  is 
state<l  that,  notwithstanding  the  form  ot"  the  engine,  it.-^  centre  of 
gravity  was  not  unduly  high  ;  that  it  nxle  with  stability,  and  worketi 
with  ea.«5e  through  sharp  curves,  its  truck   oiniating  slux'ks  or  «»scil- 


346  Bell —  Woottcn  Locomotive  Engine.     [Jour.  Frank.  Inst., 

lations,  even  at  \elocities  of  from  40  to  50  kilometres.  The  report 
concludes  with  the  statement  that,  as  compared  with  the  Italian 
engines  of  the  fourth  category,  the  locomotive  under  consideration  is 
superior  in  respect  of  the  smaller  resistance  of  its  mechanism. 

The  very  free  steaming  qualities  of  these  engines  led  to  the  appli- 
cation of  boilers  of  like  design  to  locomotives  intended  for  passenger 
service  at  high  velocities,  and,  although  the  construction  necessarily 
involves  an  unusually  high  centre  of  gravity  in  the  engine,  yet  it 
has  been  developed  by  experience,  not  only  that  this  feature  is  wholly 
unobjectionable,  but  also  that  it  contributes  in  a  marked  degree  to 
the  steadiness  of  the  engine  when  running  at  high  speeds  upon 
either  curves  or  tangents.  The  pa,ssenger  engines  employed  in  the 
fast  train  service  have  not,  as  yet,  used  the  waste  of  the  mine  as 
fuel,  although  in  ordinary  passenger  service  its  use  has  been  attended 
with  entire  success. 

An  example  of  a  fast  express  engine,  of  the  largest  and  most 
powerful  class  yet  constructed,  is  illustrated  in  Figs.  3,  4  and  5, 
being  an  elevation  and  sections  of  engine  No.  411  of  the  Philadel- 
phia and  Reading  Railroad,  one  of  a  series  running  fast  passenger 
trains  between  Philadelphia  and  Bound  Brook.  These  engines, 
which  were  built  at  the  company's  Reading  shops,  exceed  in  weight, 
heating  surface  of  fire  box,  and  boiler  and  cylinder  capacity,  any 
passenger  engines  ever  built  in  the  United  States.  Two  of  these 
(Nos.  411  and  506)  have  cylinders  21  in.  x  22  in.,  driving  wheels 
0  ft.  8  in.  diameter,  and  weigh  98,200  lbs.,  of  which  64,250  lbs.  are 
upon  the  driving  wheels.  Twelve  other  passenger  engines,  having 
boilers  upon  the  same  plan,  are  now  in  service,  in  one  of  which,  on 
the  Camden  and  Atlantic  Railroad,  bituminous  coal  is  used  for  fuel 
with  very  satisfactory  results.  In  this  engine  the  forward  part  of 
the  grate  has  been  paved  with  fire  brick,  covering  about  16  square 
feet,  thus  increasing  the  volume  of  space  available  as  a  combustion 
chamber  relatively  to  the  grate  area,  and  preventing  almost  entirely 
the  issue  of  smoke  from  the  stack. 

The  construction  of  the  boiler,  a.s  shown  in  Figs.  4  and  5,  needs  hut 
little  explanation.  The  fire  box,  as  in  all  engines  on  this  plan,  is 
placed  entirely  above  the  driving  wheels,  its  exterior  width  being 
8  feet  8  inches,  and  its  length  10  feet  5  inches.  The  grate  area  is 
76  square  feet,  and  the  grate  is  composed  of  water  tubes  and  bars, 
arranged  alternately  and  extending  on  a  slight  downward  incline  from 
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the  l);i<'k  of  till'  t'liniMic,  in  wliidi  tliorc  an-  two  phiimI  liriiij:  dtMir-  17 
iiiclio  ill  (liaiiK'tcr,  ami  j>laf(<l  -"JS  iiicli«-  lMt\v<'fii  <'(iitr<->.  At  the 
front  (11(1  of"  the  tire  hox  tlicif  i-  a  tire  hrick  ln-id^'c.  the  t(»p  of  uliidi 
is  18  inclics  ahovc  the  grate  A  (Mdnlnistioii  cliaiiilx'r  '2~  iiidio  loii<^ 
is  forituKl  in  tlic  waist  of  tin-  hoilcr  iM'twccii  the  Hue  slic«t  and  tlic 
liridgc  wall,  and  i>  connected  !)y  1M4  2-inch  tulK-s  with  the  smoke  lx»x, 
which  i^  ">4  inches  in  diameter  and  *J(>  inches  long  from  fine  head  to 
front.  The  waist  of  the  hoilcr  is  o.')  inches  in  diameter  at  the  smoke 
Ixi.x  end  and  oU  inolies  at  it>  junction  with  the  fire  l»o.\.  There  is  a 
single  dome  28x28  inches  l(M-ite<l  in  advance  of"  the  coniltiistion 
chamher.  N(»  crown  hars  are  employed,  instead  of  w  hich  the  crown 
slieet  is  staved  hy  27{>  ;  stay  holts,  s<'rewed  into  the  outer  and  inner 
casings  of  the  fii'c  hox  :ind  coiiihustion  ehamlM-r,  their  outer  ends  U-ing 
riveted  over  and  their  inner  end>  additionally  secnre<l  hy  mit>.  The 
nse  of  stav  holts  in  lien  of"  crown  >tays,  alth(tngh  hy  no  mean-  a  new 
idea  (see  T.  H.  Crami)t(.n's  French  patent,  March  24,  ]s4!t.  and  K..-- 
Winan's  U.  S.  patent,  May  U,  I8r)4)  ha>  latterly  heen  e\ten>ivcly 
Hpj)lie<l,  hoth  in  this  country  and  in  Knro|)e,  and  so  far  as  the  writcrV 
(jhst-rvation  and  information  extend,  the  system  ha>  |iro\iii  itself  to  Im- 
satisfaet(»ry  and  efticicnt.  A  plain  o|M'n  stack,  48  inches  high  and  21 
inches  in  diameter,  the  top  i,\'  which  i<  1  4  feet  alM»ve  rail,  is  tised,  and 
there  is  a  register  in  the  smoke  hox  door  li\  which  the  draught  may 
lie  diiiiiiiishcd  1»\-  the  engiiieman  a>  re(piir(d.  The  cxhau-»t.  which  has 
a  single  iio/./.le,  is  vai'iahlc,  l»v  means  of  an  internal  cone  in  the  exhaii-t 
pipe,  which  (".m  he  raised  and  lowered,  so  as  to  varv  the  exit  opriiing 
hetwcen  limits  c<»n'e>|)oiidiiig  to  the  areas  of  '.\'l  iiiclio  iiiinimnm  and 
i')':^  inches  njaximum  diameters  res|K'ctively. 

The  cylinders  are  x-cnred  to  each  other  and  to  the  tnimo  on  the 
"  half  saddle"  plan,  now  nniversalK  adopted  in  the  I'nited  Stat<s, 
and,  owing  to  the  peculiar  form  of"  the  furnace,  a  no\rl  >pring  arrange- 
ment and  suspension  of"  the  reai"  end  of  the  hoilcr  ha>  \h^\\  ado|>te«|. 
The  smoke  hox  is  holle(|  finiilv  to  flanges  on  the  >addlc  jMirtions 
of  the  ex  liiider  cjistings,  and  -iich  longiiutliiial  iiioMnicnt  ol"  the 
hoilcr  as  may  he  induced  hy  it>  exj)ansion  and  contniction  under  tln' 
influence  of  chango  of  temperature  is  admitted  hv  mean>  ol"  link>.  hy 
which  the  furnace  is  connected,  near  it>  front  and  real"  eiid>-,  to  pin> 
resting  in  s(K'kets  holte<l  to  the  I'rames.  The  springs  of  the  trout  or 
nuiin  driving  axle  are  arninge*!  in  the  n>ual  maimer,  and  their  rear 
hangei>  are   connecte<l    to   iijualizing    Uns    hK";ited   Ik-Iow  the  fr.imes. 
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The  springs  of  the  rear  axle  are  placed  behind  the  i)edestals  and  below 
the  frames,  their  hangers  l)eing  connected  to  the  lower  frame  braces; 
-;uid  the  weight  transmitted  to  the  rear  driving  boxes  is  borne  by  long 
I'tjnalizing  bars,  resting  on  pins  on  the  tops  of  the  boxes,  and  having 
hangers  at  their  ends,  connected  respecti^'ely  to  the  centres  of  the  rear 
-springs  and  to  the  back  ends  of  the  main  equalizing  bai-s.  Tiie 
arrangement  is  simple  in  its  structure  and  conveniently  located,  and 
the  remarkably  easy  riding  of  these  engines,  at  speeds  of  60  miles  and 
Dver  per  hour,  indicate'^  the  action  of  the  springs  to  be  properly  and 
efficiently  exerted. 

The  boiler  is  fed  by  two  No.  9  Sellers  injectors,  the  duty  of  each 
of  which  is  rated  by  the  makers  at  45  gallons  per  minute,  and  the 
i'ai)acity  of  the  tender  is  4500  gallons  of  water  and  10,000  pounds  of 
coal,  which  admits  of  making  the  run  from  Philadelphia  to  Jersey 
City,  89'4  miles,  without  the  necessity  of  stoppage  for  water,  whilst 
.*>ufficient  fuel  is  taken  for  the  round  trip.  The  driving  and  truck 
Avheels  have  steel  tires,  and  the  running  gear  is  of  the  standard  Ameri- 
<:'an  construction  and  does  not  therefore  require  special  notice.  Facili- 
are  embodied  for  oiling;  bearing-s  from  the  cab,  and  also  for  turning 
water  upon  bearings  from  the  tank. 

The  general  dimensions  of  engine  411  are  as  follows  : 


Cylinders, 

21  ins. 

diam 

.,  22  ins.  stroke. 

Driving  wheels. 

. 

diam.  5  feet  8  ins. 

Centre  to  centre  of  driving 

axles. 

7  feet 

Truck  wheels, 

diam.  33  ins. 

Boiler,     . 

, 

diam.  58  to  52  ins. 

Number  of  tubes. 

, 

184 

Diam.         " 

, 

2  ins. 

Length       " 

. 

10  feet  21  ins. 

Length  of  furnace. 

, 

.    9  feet  6    ins. 

AVidth 

, 

.      8  feet. 

Grate  area. 

76  sq.  feet. 

Heating  surface  of  flues,  . 

. 

982      " 

''             "          furnace. 

. 

.     135      " 

Total  heating  surface, 

.  ■ 

1117      " 

Smoke  stack,  diam,, 

. 

21  ins. 

"         "        height,      . 

. 

.      48  ins. 

Exhaust,  single  nozzle  (variable), 

.•3| 

to  5f  ins.  diam. 

Total  weight  of  engine. 

. 

98,200  pounds. 
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W'ri^flit  oil  (Irivir^,  .  •il.L'">() 

\\'li.<l  liasc,     .  .  .  1]   r.ft  1  ill. 

Tlir  s«Tvic«'  in  wliicli  tlie  |»a>-<iip"r  <'ii^iii<>  of  tlii-  fla-r-  art-  fiii- 
|)lov<'(l  involves  the  iMiTs-itv  of  «|('V<'lo|»iiiir  cxtrcnicly  lii^^li  ^jM^il, 
and  of  liauliii«r  liravy  as  wt-II  as  lijrlit  train>  ;  tin-  following:  «l«'fail-  of 
tlicir  |)<  rrorniaiKf  will  iinlicat«  flic  natnrr  and  <'xt<'iit  of  their  diit\- 
an<l  (■:i|)al>iliti*>. 

In  .IiiiH',  IHHO,  cii^^iiK'  oOfl  hauled  lO  jKisM-iiirrr  <-:irs,  »-.irrviiiw^  iw:irlv 
!MiO  |>ass(iip'i's,  from  I*hila<hl|tliia  to  H«»iind  HnK»k,  the  riilin;:  ^n-:iditiit 
iniiijr  ;j<i  feet  rin-  |i»r  mile,  at  an  avenij^t'  sjkimI  of  42  miles  |m  r  hour, 
the  a^^<rre<rate  \vei;xlit  of  train  and  jKU^si'ii^ers,  exclusive  of  engine  and 
tender,  l)ein<r  in  excess  of  .'JilO  tons.  The  aver;ii;e  consumption  of  fuel 
per  mile  \va>  *I'J  |>oiiiids,  or  at  the  rate  tA'  '•\\\  pound-  |m  r  hour  tor 
each  Hpiare  foot  of  trratc. 

In.Iiilv,  ISHO,  en<rine  til  hauled  10  fully  loadctl  pa.-- .eiitrer  t-irs 
from  IMiiladel|)hia  to  Hound  r*r(H)k  ('>0'*J  miles)  in  one  hour  ami  nine- 
tern  minutes,  mal<iii«j:  the  usual  <lo\viii«x  over  two  miles  of  hridjrin^, 
the  a\»T.i<re  consumption  of  fuel  iM-iii;.'-  ol  pound-  per  mile  or  :VZ 
pounds  per  hour  p«'r  -(piare  f<K>t  of  tri-itf. 


I'iir.  •». 


The  indicator  diai:ram.  j-'i;:.  ti.  wa-  taken  on  eiiiriiie  W  1  on  the  'JOtli 
of  DecemlK'r,  ISSO.  The  day  was  one  of  the  «'oj«le>t  of"  the  .s<-:fion. 
the  thermometer  marking  «!  »l«H;re<'s  Ik'Iow  zero  (l-'ahr.);  the  inn'n  c«»n- 
siste<l  of  four  well  fille«l  pa.<s<'n<:er  c:iiN.  N«»twithstandin^f  the  unfavor- 
aMc  intlueiice  of  a  hrisk  north  wind,  a  <|h'«i|  ot"  72  miles  jn-r  hour  was 
attaiucil  upon  a  level  while  euttiiiir  "tV  >team  at  S^'  inches.  Svend 
miles  were  run  contimiouslv  in  h's<  than  oO  Hiimds.  The  dia«:i*:nu. 
the  vertical  -cale  o|"  which  is  SO  |M)uuds  to  the  inch,  wa-  taken  at  :i 
-pe^sl  of  72  miles  per  hour  (or  .{(JO  revolution-  |Hr  minute)  witii  a 
Itoiler  pre-sure  of   lo.'t  poiiiiil-    Mid  luttiuir  of!"  at  S^'  inclu's. 
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The  diagnim,  Fig.  7,  was  taken  on  the  same  engine,  May  4th,  1880. 
The  train  consisted  of  seven  passenger  cars,  and  the  speed  at  the  time 
of  taking  the  diagram  was  at  the  rate  of  64  miles  per  hour ;  boiler 
pressure  123  pounds,  and  point  of  cut  oif  6j  inches. 


FiK.  7. 

The  engines  above  referred  to,  as  well  as  others  of  similar  design  on 
the  Bound  Brook  Division  of  the  P.  &  R.  R.R.,  are  daily  making 
four  trips  between  Bound  Brook  and  Philadelphia,  aggregating  240 
miles  per  day,  yet  so  extremely  gentle  is  the  draught  of  the  furnace 
that  it  is  only  occasionally  that  it  becomes  necessary  to  thoroughly 
clean  the  fire  before  the  termination  of  the  day's  work.  The  regular 
.schedule  time  on  fast  line  betAveen  Wayne  Junction  and  Bound  Brook 
(54'9  mile.s)  is  64  minutes,  including  one  stop  and  slowing  down  three 
times.  This  involves  an  average  speed  of  56  miles  per  hour  for  nearly 
55  continuous  miles.  The  performances  here  noted  are  not  in  any 
manner  due  to  essential  differences  in  the  working  parts  from  the 
ordinary  standards  of  American  construction,  but  simply  to  the  ability 
of  the  l)oiler  to  generate  steam  of  sufficient  volume  and  jsressure  to 
comply  with  the  exacting  requirements  of  the  service,  referred  to. 

In  the  run  from  Philadelphia  to  Bound  Brook  there  are  ten  miles 
of  the  line  having  ascending  gradients  varying  from  15  to  30  feet  per 
mile,  eleven  miles  having  ascents  varying  from  30  to  40  feet  per  mile, 
and  one  and  a-quarter  miles  having  an  ascent  of  59  feet  per  mile; 
twelve  miles  of  the  line  are  practically  level,  and  there  are  twenty-five 
miles  of  descending  gradients  varying  from  6  to  37  feet  per  mile.  The 
four  miles  from  Ninth  and  Green  streets  to  Wayne  Junction,  being 
within  city  limits,  are  run  at  such  restricted  speed  as  to  require  eleven 
minutes  to  traverse  the  distance. 

The  engine  shown  in  Fig.  8,  which  is  reduced  from  a  full  page 
engraving  in  the  Railroad  Gazette,  is  one  of  thirty  of  the  consolida- 
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tiuii  type,  having"  the  W Onttcn  Ixtilcr,  wliidi  wci-c  built  l»y  tin-  JiaMwiii 
T^oeomotive  Works,  and  arc  now  in  coal  train  sci'\icc  on  tlic  Pliiludcl- 
|)hia  and  Reading  Railroad.  riiesc  l)oiloi*s  are  .similar  in  coiLstniction 
to  that  of  tlic   |)asscii^(i-  ciiuinc   before  d(seril)('<l,  ditlerini:'   tlierefn»ni 


J^^^*^ir^^«^y-V^^^^>'>i^^'^ii^gi8^^ 


^»nly  ill  (liiiieiisi(>n>   and    in    iK'inji;  fitted  with  tecd-watcr  heater.-. 
prin<'i|)al  <linicn.<i(in>  of"  the  entiine.'^  are  as  follows: 

Cvlinders,        .  .     20  in>.  diani.x'il  ins.  stn>k('. 


Th 


I)rivin<i-  wheels, 
Trnck,  " 

Driviiiii'  wheel  base, 
Total   wheel  ba.>^e, 
Fire  box,  lentith  inside, 

"  widtli 

(irrate  surface, 
Boiler,  diauK, 
Niunber  of"  tnbes,    . 
Dianietor       " 
Lenirth 
Heatinu'  surface  of"  tubes, 

"  "  fire  box, 

Total  heatiuti'  surface, 
l)riviu<i-  wheel  joiuMials, 
Truck  "      '        "       . 

Steam  ports. 
Exhaust  "       . 


dian).  oO  ins. 

14  ft.  !)  \\\>. 

'I'l  ft.  10  ins. 

it  ft.     <j  ins. 

S  ft.     0  ins. 

7(>  .s<j.  t"t. 

.")!(  to  ."),■)  ins. 

197 

'1  ins. 

II  ft.  OA  ins. 

ll'.IO  s(|.  t"t. 

I<i7  -.|.  t"t. 

l->o7  s.|.   f"t. 

7xS  in>. 
.  oxS  ins. 
lUxl]  in>. 
hi\-l\  in.-. 
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Total  weight  of  engine,  .  103,000  pounds. 

Weight  on  drivers,  .  .         90,000  pounds. 

Two  Xo.  8  Sellers  injectors  for  supplying  boiler. 

In  ordinary  service  the  duty  of  the  consolidation  engines  is  to  haul 
trains  of  140  loaded  4-Avheel  coal  cars  (or  tlieir  equivalent  in  8-wheeI 
em's),  averaging  1120  tons  gross  weight  of  cars  and  lading,  from  Palo 
Alto  to  Port  Richmond,  a  distance  of  95  miles,  at  an  average  speed  of 
ten  miles  per  hour,  over  level  and  descending  grades.  Their  consumj)- 
tion  of  fine  anthracite  coal  in  this  service  averages  11,500  ]>ounds  for 
the  trip.  On  the  return  trip  of  95  miles,  in  which  distance  an  eleva- 
tion of  ()25  feet  has  to  be  overcome,  the  load  of  these  engines  is  KJO 
empty  cars,  and  the  weight  of  fine  anthracite  coiil  consumed  is  about- 
12,000  pounds. 

In  the  month  of  September  last  a  c<^mparative  test  was  made  with 
one  of  the.se  engines  and  an  engjne  of  the  .same  frv^pe,  but  having  a  fui- 
nace  of  the  ordinary  constructiim,  both  engines  burning  bituminous 
coal  and  hauling  coal  trains  of  as  nearly  similar  Aveight  as  attainable. 
The  relative  economy  of  the  respective  boilers  will  appear  by  the  fol- 
lowing statement ;  tlie  distance  run  in  each  ca.>^e  was  110  miles  daily  : 

Consolidation  Engine  Consolidation  Engine 

witli  ordinary  l)oiler.  with  Wootten  Imiler. 

Miles  run  j)er  trij),   .  .  J 10^ 

Coal  used  per  trip,  pounds     10,756 

Coal  used  per  mile,  pounds         97*o 

Water  used  per  trip,  gallons     S,871 

Water  evaporated  per  ]>ound 

of  coal,  pound.s,   .         .  ()-87  (j-35  8*74         9*  13 

Showing  reduced  consumption  of  fuel  equal  to  25  per  cent,  and   an 

increased  evaporative  efficiency  of  35  per  cent,  in  favor  of  the  AVootten 

l)oiler. 

The  relative   quantities  of  prepared  coal  of  ordinary  merchantable 

sizes  and  of  the   mine  waste,  consumed  respectively  by  locomotives  of" 

the  usual  type  and  by  those  having  the  Wootten  boiler,  are  shown   by 

the  following  data  of  their  })erformance,  viz.: 

In  27  days  freight  traiti  service. 
10-wheel  engine,  ordinarv  furnace,  burned  110  tons  broken  coal. 

"  WoottJn  "  ^'  113    "     wa.ste      " 

In  G  days  coal  train  service. 
10-wheel  engine,  ordinary  furnace,        .  .     30  tons  steamboat  (toal. 

Consolidation  engine,  Wootten  furnace,     .         33    "    waste  " 


110| 

noi 

110^ 

0,804 

8,530 

7,577 

97-7 

77-2 

()8-.> 

<s,341 

9,198 

8,;50.> 
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In  4  J  (hijis  coal  train  service  {on  (p-ddirnin  ■>"  fl.  per  mile). 
l(l-\vlit'ol  f'li^inc,  ordinnrv  funiar-o,        .  .      '-'A'-j  tons  luini)  coal. 

(  Miisolidatioii  cii^iiic,  W'oottcii  i'liniacc,       .  ■\\4     "     wiuste      " 

The  ('coiioiuic'  value  oi'  the  holler  will  he  ii|>j»an'iit  tVoin  the  fact 
that  the  ditfereiiee  hetween  the  cost  of  the  I'uel  iiswl  in  this  funiaec 
and  that  ofordinarv  marketable  eoal,  such  a.s  is  used  {^enendly  in  l(Kf>- 
niotive  furnaces,  is  two  dollars  and  ten  cents  ])er  ton  ;  it  follows  that 
if  there  is  a  daily  consumption  of  4i  tons  of  comhustihie  ])er  enjrine, 
each  locomotive  fitted  with  this  boiler  Avill  effect  a  saving;  of  ?ll.4 ")  imp 
(hiy,  a  sum  <|nite  sufficient  for  its  re|)air  and  |)erj)etuation.  'J'he 
exemption  from  emission  of  s])arl<s  and  cinders  from  the  stack,  which 
is  noted  in  the  report  of  the  Alta  Jtalia  tests  before  referre<l  to.  and 
\vhi<'h  is  an  obvious  conse(|ncnce  of  the  lighter  exhaust  under  which  the 
cnlar^'^ed  fire  box  e;in  be  operated,  while  a  subordinate  fWiture,  is  one 
nf  jnaterial  importance.  A  lon^  series  of  failures  marks  the  record 
in  the  matter  of  s|)ark  arresters,  and  in  this  department,  as  with  many 
other  efforts  to  remedy  the  evils  of  defective  construction  or  abnormal 
operation,  the  old  adaii'c  that  "  |ircvcntion  i>  better  than  cure"  is  df' 
peculiar  application. 

An  article  on  ''American  Iliifh  Speed  Locomotives,"  published  in 
the  Jjondon  Knginar  of  February  11th,  18><],  referrin<j  more  j>articu- 
larly  to  tlie  Wootten  enj^inc,  contains  a  number  of  statements  which 
American  engineei's  cannot  fail  to  find  both  novel  and  amusing  and 
may  be  here  noticed  in  comjiarison  with  the  Italian  report,  jus  illustra- 
ting the  widely  different  conclusions  arrived  at,  on  the  one  haml,  by 
an  intelligent  examination  and  carefully  conducted  practical  test,  an<l, 
on  the  other,  by  a  cursory  review  of  drawings  and  descriptions,  evi- 
dently made  with  an  insufficient  understanding  of  the  subject  matter, 
and  seemingly  under  the  limitations  of  some  little  prejudice.  Charac- 
terizing  the  AN'ootten  engine  as  "abnormal  in  design,"  the  article  pro- 
poses to  consider  "  why  it  is";  no  explanation  is,  however,  given, 
either  of  the  element  or  element^  of  the  design  that  are  allegeil  to  be 
"abnormal,"  or  of  the  rea.«!ons  upon  which  the  opinion  is  based. 
The  statements  which  are  made,  that  two  classes  of  the  engine  are 
built,  in  one  of  which  "there  is  only  one  pair  of'  ilrivirs,"  and  that 
"  perforce  Mr.  ^Vootten  was  comi)elletl  to  use  single  <lrivei*s,"  seem 
surprising,  in  view  of  the  stiitenient  of  Mr.  Wootten  to  the  writer  that 
he  never  contemplatetl  the  application  of"  a  furnace  upon  hi<  plan  in 
Whole  No.  Vol.  CXI.— (Thikd  Serif-s  Vol.  lx.xxi.)  Si 
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counection  with  single  drivers,  and  is  wholly  unaware  of  such  an 
engine  having  ever  been  made.  The  assertion  that  "  the  road  may  be 
regarded  as  level,  the  inclines  compensating  each  other,"  embodies  an 
error  of  fact,  as  may  be  seen  from  the  statement  of  the  profile  of  the 
road  hereinbefore  given,  and  the  assumption  as  to  "  compensating" 
inclines  being  equivalent  to  a  level,  will  scarcely  be  concurred  in,  either 
by  those  who  construct  railroads  or  those  who  operate  them. 

After  a  series  of  calculations,  based  upon  data  which  the  author  of 
the  Engineer  article  admits  he  has  no  definite  or  accurate  knowledge 
of,  and  which  appear  to  be  intended  to  prove  that  the  actual  perform- 
ance of  the  engine  was  not  equal  to  that  which  had  been  assigned  to 
it,  the  proposed  disclosure  of  the  "abnormal"  design  is  abruptly 
abandoned  in  terms  by  the  statement  that  "  We  do  not  propose  here  to 
say  anything  concerning  the  Wootten  locomotive,  either  as  a  vehicle 
or  an  engine." 

The  article  then  proceeds  to  inform  American  engineers  that  until 
they  "  give  up  anthracite  coal  they  will  never  attain  perfection  in  fast 
locomotives,"  and  that  "  English  engineers  will  tell  them,  to  a  man, 
that  unless  anthracite  coal  can  be  burned  in  a  furnace  of  less  dimen- 
sions than  that  used  by  Mr.  Wootten  it  had  better  not  be  burned  at 
all  in  a  fast  locomotive."  Leaving  us  wholly  in  ignorance  of  the 
grounds  on  which  these  remarkable  dicta  are  based,  the  article  con- 
cludes with  the  oratorical  statement  that  "It  is  generally  conceded 
that  the  boilers  are  the  worst  things  about  American  locomotives,  but 
without  good  boilers  there  can  be  no  really  express  work  done  on  a 
railway."  Conceding  the  latter  portion  of  the  statement  as  unde- 
niable, it  is  mildly  suggested  that  there  may  be  room  for  a  dift'erence 
of  opinion  as  to  the  former,  and  inasmuch  as  the  only  "  abnormal " 
feature  of  the  Wootten  boiler  which  ajjpears,  even  by  implication,  is 
the  fact  that,  in  accordance  with  its  design,  it  uses  anthracite  as  fuel, 
it  is  probable  that  American  engineers,  many  of  whom  are  troubled 
with  a  large  supply  of  this  somewhat  useful  article,  will  be  suificiently 
indulgent  to  pass  the  peculiarity  objected  to  without  very  severe  con- 
demnation, and  doubtless,  some  will  be  found  who  will  even  agree 
with  the  engineers  who  conducted  the  Alta  Italia  tests  in  the  opinion 
that  the  excellent  qualities  of  anthracite  coal  make  it  a  very  desirable 
fuel  for  locomotive  engines. 
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THE   EFFICIENX'Y   of  the   ENGINI:S  <.f  thk  STEAMEI; 

"  ANTHRACITE." 


By  C.  R.  RoELKER,  Passed  Assistant  Engineer,  U.S.  Navy 


We  posse.ss  so  few  complete  and  relial)le  record.s  of  trials  with  steam 
machinery  which  can  Ije  used  for  an  investigation  of  the  various  inHii- 
€nces  affecting  the  efficiency  of  steam  in  an  engine  that  all  additional 
experimental  data  relating  to  this  subject  should  be  thoroughly  anal- 
yzed. Tlie  (lata  furnished  by  the  Ciirefnlly  conducte<l  trial  of  tiie 
machinery  of  the  steamer  Anthracite,  made  in  August,  1H80,  at  the 
New  York  navy-yard,  possess  s})ecial  interest  because  the  means  bv 
which  modern  steam  engineering  seeks  increased  economy,  viz. :  higii 
initial  steam  pressure  and  a  high  degree  of  expansion — were  carried 
in  this  case  to  a  limit  which  had  not  Ijeen  heretofore  apj)r(»ached. 
A  full  account  of  this  trial  and  of  the  results  obtained  has  been  given 
in  a  paper  "On  the  Experiments  with  the  Perkins  Machinery  of  the 
Steam  Yacht  Anthracite,"  publisiied  in  No.  1,  2  and  3  of  the  current 
volume  of  the  Frank i, in  Instititk  JornNAi..  In  this  i)aj)er  the 
discussion  of  the  action  and  efficiency  of  the  steam  in  the  engine  i-< 
based  on  a  comparison  of  the  weights  of  water  eva|)orated  in  the 
boiler,  found  by  actual  measurement,  and  of  steam  condensed  in  tln' 
<lifferent  cylinders,  calculated  from  indicator  diagrams.  But  tlu- 
weight  of  steam  expended  is  not  an  exact  measure  of  the  efficiencv  of 
an  engine,  and,  besides,  the  method  by  which  the  work  done  bv  the 
steam  and  the  weight  of  steam  t-ondensed  in  the  cvlindei-s  is  calculatt^l 
is,  to  sjiy  the  least,  unusual.  These  considerations  have  induced  the 
writer  to  present  the  following  discussion  of  the  efficiency  of  the 
Anthracite'.^  engines  in  this  trial,  as  measured  by  the  number  of  units 
of  heat  expended  in  the  engines,  so  that  the  results  of  this  trial  may 
lie  directly  comparable  with  those  obtained  in  other  steam  engine 
trials. 

The  calculations  in  this  pap<'r  are  based  on  the  data  recorde<i  in  the 
published  otficial  report  of  this  trial.  It  must,  however,  be  observe*! 
that  the  total  horses-power  deveIoj)ed  in  each  cylinder  are  compute*!  in 
the  usual  manner  for  the  mean  absolute  pressure  on  the  trhofe  area  ot' 
the  piston.     Further,  the  indicated  horscs-pon-er  developed  in  the  first 
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or  small  cylinder  is  not  calculated  from  the  mean  ordinate  of  the  indi- 
cator diagrams  taken  from  the  top  of  that  cylinder,  but  for  the  differ- 
ence between  the  mean  absolute  steam  pressure  in  that  cylinder  during 
the  down  stroke  of  the  piston  and  the  mean  back  pressure  acting  on 
the  under  side  of  the  piston  during  that  stroke ;  in  this  manner  the 
actual  gross  effective  power  developed  during  the  down  stroke  of 
the  piston  in  that  cylinder  is  found.  In  like  manner,  the  indicated 
horses-power  developed  in  the  second  or  intermediate  cylinder  are  cal- 
culated for  the  difference  between  the  mean  absolute  pressure  on  the 
piston  of  that  cylinder  during  the  upstroke  and  the  mean  back  pres- 
sures acting  on  the  upper  side  of  the  piston  of  the  small  cylinder  and 
on  the  annular  surface  of  the  piston  communicating  with  the  receiver. 
Thus  we  get  the  following  quantities  : 

Total  horses-power  developed  in  first  cylinder,  .  28*8902 

Total  horses-power  developed  in  second  cylinder,     .  31*8339 

Total  horses-power  developed  in  third  cylinder,  .  52"9109 

Indicated  horses-power  developed  in  first  cylinder,  .  23*2280 

Indicated  horses-power  developed  in  second  cylinder,  .  5*1000 

Indicated  horses-power  developed  in  third  cylinder,  .  39*4483 

For  other  data  used  in  the  following  calculations  the  reader  is 
referred  to  the  published  official  report.  In  order  to  make  the  results- 
obtained  in  the  present  investigation  comparable  with  those  given  in 
the  above  mentioned  paper  relating  to  this  trial,  the  same  constants 
have  been  used  in  these  calculations  as  in  the  former  paper :  for  this 
reason  the  mechanical  equivalent  of  one  Fahrenheit  unit  of  heat  is 
taken  at  789*25  foot  pounds.  . 

1.  Units  of  heat  generated  in  the  boiler  per  hour,  .    1,642,983- 

First,  or  Small,  Cylinder. 

2.  Units  of  heat  equivalent  to  indicated  horses-power 

developed  in  first  cylinder,  per  horn',         .  .  58,271 

3.  Units  of  heat  equivalent  to  total  horses-power  devel- 

oped in  first  cylinder,  per  hour,  .  .  72,477 

4.  Units  of  heat  in  the  steam  discharged  from  first  cylin- 

der at  the  end  of  the  stroke  of  its  piston,  less  the 
units  of  heat  in  an  equal  weight  of  feed-water,  j)er 
hour,  .....        620,711 
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-5.  Units  of  lioat  in  the  ooiuleiised  water  present  in  the 
first  cylinder  at  the  end  of  the  stroke  of  its  piston, 
less  the  nnits  of  heat  in  an  equal  weight  of  fee<l 
water,  ])er  hour,         ....        174,035 

<).  Units  of  heat  expended  in  ladiation,  conduction,  etc., 
and  in  re-evaponititui  at  the  end  of  the  .stroke,  in  the 
first  cylinder,  j>er  hour,  .  .  .         775,7«jO 

Second,  or  Intermediate,  Cylinder. 

7.   Units  of   heat  e«|uivalent   to   indicate<l    horses-power 

developed  in  second  cylinder,  per  hour,      .  .  l'J,794 

H.  Units  of  heat  equivalent  to  totid  horses-power  devel- 
oped in  second  cylinder,  per  hour,  .  .  79,801 

i).  Units  of  heat  in  the  steam  discharged  from  second 
cylinder  at  the  end  of  the  stroke  of  its  j)iston,  less 
the  units  of  heat  in  an  c(pial  weight  of  feed-water, 
per  hour,    .....        809,H55 

10.  l^nit.s  of  heat  in  the  condensed  water  present  in  the 
second  cylinder  at  the  end  of  the  stroke,  less  the  units 

<)f  heat  in  an  equal  weight  of  feetl-water,  j)er  hour,  87,73s 

11.  Units  of  heat  expcndeil  in  radiation,  conduction,  etc., 

in  fii"st  and  second  cylinder,  and  in  re-eva|)onition  at 

end  of  stroke  of  piston  in  se<'ond  cylinder,  per  hour,         <)07,2oS 

Third,  or  Large,  Ciflinder. 

IJ.   I'nits  of  heat  equivalent  to   indicatwl   hoi*se>-pnwer 

developed  in  third  cylinder,  j)er  hour,        .  .  1>8,9<)4 

l-"5.   Units  of  heat  e(juivalcnt  to  total  hoi-ses-power  iK-vel- 

oped  in  the  third  cylinder,  \ier  hour,  .  .         132,73») 

14.  Units  of  heiit  in  the  steam  dis<:hargtHl  from  the  third 
cylinder  at  the  end  of  the  stroke  of  its  jiiston,  less 
the  units  of  heat   in   an   equal  weight  of  fceil-water, 

^>er  hoiu-,    .....     l,144,02n 

15.  T^nits  of  heat  in  the  condensed  water  present  in  the 
third  cylinder  at  the  end  of  the  stroke,  less  the  units 

of  heat  in  an  e<pial  weight  of  feed-water,  yter  hour,  21,34*2 

10.  Units  of  heat  ex|)ende<l  in  radiation,  <-onduction,  etc., 
in  fii"st,  second  and  third  cylinders,  and  in  re-evapo*- 
ration  at  end  of  stroke  of  thinl  tylinder,  jK-r  hour,  .        273.820 
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In  computing  the  units  of  heat  transmitted  to  tlie  feed-water  in  the 
boiler,  per  liour  (1),  it  lias  been  assumed  that  the  steam  was  dry  and 
saturated  in  the  boiler.  The  temperature  and  dryness  of  the  steam 
were  not  ascertained  during  the  trial  by  thermometric  and  calorimetrie 
tests ;  but  the  board  which  conducted  this  trial  has  based  the  calcula- 
tions given  in  the  report  on  the  same  assumption.  The  total  heat  of 
the  feed-water  is  taken  at  120*63  Fahrenheit  units,  and  the  total  heat 
of  the  boiler  steam  is  taken  at  1242*03  units,  above  the  Fahrenheit 
zero. 

Since  a  careful  examination  of  the  pistons  and  valves  under  pres- 
sure revealed  no  leakage  of  steam  it  is  assumed  that,  at  the  end  of 
each  stroke,  the  whole  weight  of  water  vaporized  in  the  boiler  during 
the  corresponding  time  was  present  in  each  cylinder.  The  weight  of 
steam  discharged  from  the  cylinder  at  the  end  of  the  stroke  is  calcu- 
lated by  multiplying  the  space  displaced  by  the  piston  per  stroke  plus 
the  space  in  the  clearance  and  steam  passage,  by  the  density  of  steant 
corresponding  to  the  final  pressure  in  the  cylinder,  and  subtracting  the 
weight  of  steam  filling  the  clearance  and  steam  passage  at  the  moment 
the  steam  valve  begins  to  open.  The  units  of  heat  present  in  thi& 
weight  of  steam  above  the  heat  of  the  feed-water  (4,  9,  14)  are  found 
by  multiplying  this  weight  of  steam  by  the  total  heat  of  steam  of 
corresponding  pressure  above  the  heat  of  the  feed-water,  less  the 
quantity  of  heat  expended  in  overcoming  external  resistance  in  vapor- 
izing the  feed-water  under  the  pressure  obtaining  at  the  end  of  the 
stroke. 

The  difference  between  the  weight  of  steam  found  to  be  present  in 
the  cylinder  at  the  end  of  the  stroke  and  the  weight  of  water  vapor- 
ized in  the  boiler  is  called  the  weight  of  condensed  water  present  in 
the  cylinder  at  the  end  of  the  stroke  for  the  unit  of  time,  and  it 
includes  the  weight  of  steam  admitted  to  the  jacket-coils  during  the 
same  time.  It  is  to  be  regretted  that  the  weight  and  temperature  of 
the  water  discharged  from  the  jacket-coils  were  not  measured  in  the 
experiment.  In  computing  the  units  of  heat  present  in  the  condensed 
water  in  each  cylinder  (5,  10,  15)  it  is  assumed  that  all  this  water  had 
the  temperature  of  the  saturated  steam  at  the  end  of  the  stroke  of  the 
piston  in  the  respective  cylinder.  Strictly  speaking,  this  assumption 
is  not  correct,  since  the  pressures  and  temperatures  in  the  jacket-coils 
of  the  different  cylinders  differed  probably  from  those  in  the  cylinders 
at  the  end  of  the  stroke;    but  the  resulting  error  is  necessarily  small. 
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This  error  makes  the  quantities  of  heat  expended  in  radiation,  re-eva- 
poration, etc.,  as  given  above,  a  little  too  large,  and  the  quantities  of 
Jieat  contained  in  the  water  j)resent  in  the  cylinder  and  in  the  jacket, 
at  the  end  of  the  stroke,  a  little  too  small. 

The  quantities  of  heat  given  as  expended  in  radiation,  conduction, 
etc.  (6,  11,  16),  are  simj)ly  the  (juantitics  left  after  deducting  from  the 
total  heat  transmitted  to  th<'  feed-water  in  the  boiler  the  sum  of  the 
(juantities  of  heat  given  as  being  present  in  the  steam  and  water  in 
the  cylinders  and  of  the  heat  transnuited  into  i)0wer.  The  neglect  to 
measure  the  weight  and  temj)erature  of  the  water  discharged  from  the 
jackets  makes  a  further  analysis  of  these  quantities  impossible.  If  the 
steam  generated  in  th(!  boiler  should  have  been  either  moist  or  suj)er- 
heated,  instcjid  of  dry  saturated  as  assumed,  the  quantities  given  in  6, 
11  and  16  would,  t»f  course,  be  correspondingly  less  or  greater.  A 
relatively  small  portion  of  this  heat  is  actually  lost  by  radiation,  con- 
duction and  vibrations ;  the  larger  portion  is  expended  in  warming 
the  walls  of  the  cylinders  cooled  during  the  previous  return-stroke  by 
the  vaporization  of  water  deposited  upon  them  ;  and,  in  consequence 
of  a  like  process,  this  heat  re-appears  and  is  available  for  work  in  the 
second  and  third  cylinders,  but  is  discharged  from  the  third  cylinder 
into  the  condenser.  The  absorption  (»f  heat  due  to  this  cause  in  the 
larger  cylinders  is  greatly  less  than  in  the  smaller  cylinder,  because  in 
the  larger  cylinders  the  range  of  temperature  of  the  steam  and  the 
ratio  of  the  superficial  area  of  the  walls  to  the  volume  of  th>  cylinder 
is  greatly  less,  and  the  temperature  of  the  steam  entering  the  jacket 
relatively  to  the  mean  temperature  of  the  steam  in  the  cylinder  is 
greater  than  in  the  smaller  cylinders. 

Of  the  heat  transnuued  into  external  work  only  that  portion  wliich 
is  equivalent  to  the  indicjited  horses-power  developed  in  those  cyiin- 
ders  has  permanently  disa[>j)eared,  the  remainder  is  expended  in  over- 
coming the  resistance  of  the  steam  acting  on  the  opposite  side  of  the 
piston  and  causes  an  equal  amount  of  energy  to  re-appear  in  this  steam, 
which  becomes  available  in  the  second  and  third  cylinders  respectively. 

After  the  steam  has  completed  its  expansion  in  the  third  cylinder 
when  the  piston  has  arrived  at  the  end  of  its  stroke,  78"54  per  cent. 
of  the  total  weight  of  water  vaporized  in  the  boiler  is  present  iii  this 
cylinder  in  the  form  of  steam,  the  remaining  21 '46  per  cent,  being 
condensed  in  this  cylinder  and  in  the  jacket.  Of  tl^e  total  heat  trans- 
mitted to  the  water  in  the  boiler  70'03  per  cent,  are  tbuud  t«)  be  pre- 
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sent  in  the  steam  and  water  filling  the  third  cylinder  and  the  jacket- 
coil;  12"40  per  cent,  have  been  transmuted  into  external  work  repre- 
sented by  the  indicated  horses-power  developed  in  the  first  and  second 
cylinders  and  the  total  horses-power  developed  in  the  third  cylinder  ; 
and  16*67  per  cent,  have  been  lost  through  radiation,  conduction,  etc., 
in  the  passage  of  the  steam  from  the  boiler  to  the  end  of  the  stroke  in 
the  third  cylinder,  and  through  the  abstraction  of  heat  from  the  walls 
of  this  cylinder  during  the  exhaust-stroke  by  the  re-evaporation  of 
the  water  deposited  upon  them.  Besides  this  latter  quantity  (the 
amount  of  which  Ave  cannot  determine  from  the  data  of  the  experi- 
ment) there  is  discharged  into  the  condenser  the  whole  of  the  heat 
given  as  being  present  in  the  steam  and  water  filling  the  cylinder  at 
the  end  of  the  stroke  of  the  piston  plus  the  heat  equivalent  of  the 
difference  between  the  total  and  indicated  horses-power  developed  in 
the  third  cylinder  (if  we  neglect  the  small  amount  of  work  done  dur- 
ing compression),  or  [70*93  +  2*06  ==\  72*99  per  cent,  of  the  total 
heat  transmitted  to  the  water  in  the  boiler. 

The  quantity  of  heat  transmuted  into  mechanical  work  represented 
by  the  indicated  horses-power  developed  by  the  engines  is  10"34  per 
cent,  of  the  total  heat  of  evaporation,  and  this  represents  the  actual 
efficiency  of  the  engines. 

The  relative  efficiency  of  the  engines  is  found  by  comparing  their 
actual  efficiency  with  the  greatest  efficiency  theoretically  attainable  in 
a  steam  engine  working  with  saturated  steam  of  the  same  boiler 
pressure  and  with  the  same  temperature  of  feed-water  and  transform- 
ing all  the  heat  expended  (except  the  quantity  necessarily  discharged 
into  the  condenser)  into  mechanical  work.  Such  a  comparison  will 
enable  us  to  determine  what  increase  of  efficiency  can  possibly  be 
obtained  by  changes  in  the  practical  working  of  the  engines. 

In  a  "  perfect  reversible  heat-engine,"  working  between  the  limits 

of  temperature  given  by  the  boiler  pressure  and  the  temperature  of 

the  feed-water  in  the  experiment  under  consideration,  the  efficiency 

r426-3  —  461-2       H 
would  be  represented  by     40^.0    1    lon-^  ^^  I   ^^'"^^^  P^^  cent,  of  the 

total  heat  generated. 

Since,  however,  one  condition  of  the  property  of  reversibility  in  a 
perfect  engine — viz.:  that  the  temperature  of  the  working  fluid  be  raised 
by  compression  1»o  the  initial  temperature,  before  it  is  delivered  into 
the  boiler— is  not  realized  in  our  present  type  of  the  steam  engine,  its 
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efficiency  is  correspoiulinjrly  diininislicd.  J  lie  loss  of  efficiency  due 
to  this  cause,  com|)Ut<i<l  hy  tin;  formula  given  by  Cotterill,  is,  in  the 
|)resent  case,  4'04  per  cent,  of  the  total  heat  of  evaponttion.  Hence, 
in  a  [)erfect  steiirn  engine,  working  with  the  same  holler  pressure  and 
feed-water  temperature  as  in  tiie  ex|)eriment  under  consideration 
[.34-4M  —  4-04  =]  .'{<)-42  per  <'ent.  of  the  total  heat  of  evaj)oration 
"Would  he  transformed  into  indimted  horses-]>ower  and  <)I*o8  |)er  cent, 
"would  be  discharged  \nU)  the  condenser ;  and  tlie  relativf  efficienry  <jf 

the  Anthracites  engines  was  l =  l.,.>y!(  i)er  cent. 

The  loss  of  efficiency,  represented  by  [30"42  —  10*34]=  20*08  \y^v 
<;ent.,  is  due  to  (1)  tlie  excess  of  back  pressure  in  the  third  cylinder 
above  the  pressure  corresj)on(Hng  to  the  temperature  of  the  feed-water: 
(2)  the  incomplete  expansion  of  the  steam,  which  in  the  perfect  engine 
is  continued  till  the  final  pressure  is  equal  to  the  pressure  correspond- 
ing to  the  temj)erature  of  the  feed-water ;  (3)  the  loss  of  heat  by  radi- 
ation, conduction,  re-evaporation  of  water  in  the  cylinder,  etc.  Bv 
calculation  we  find  the  following  values  for  these  several  losses, 
expressed  in  per  cent,  of  the  total  heat  transmittal  to  the  feed-water 
in  the  boiler,  viz.: 

(1)  Loss  due  to  excess  of  back  pressure,  .        1*30  per  cent. 

(2)  Loss  due  to  incomplete  expansion,         .  3*55  |>er  cent. 

(3)  Lo&s  due  to  radiation,  re-evaporation,  etc.,    .      Ki'GT  j>er  cent. 


Total  loss,  .  .  .  21*02  i)er  cent. 

The  difference  [21-52  —  20*08  =]  1*44  per  cent,  is  (hie  to  inan-u- 
racies  in  the  computations  and  in  the  constants  used,  but  mainlv  in  tin- 
observations  made.  We  may  sjifely  conclude  that  the  loss  due  to  radia- 
tion, re-evaporation,  etc.,  as  given  is  somewhat  too  great,  either  tor  the 
reason  given  above,  or  because  the  total  (juanlity  of  heat  tran^mittetl 
to  the  feed -water  in  the  boiler  was  somewhat  less  than  we  have 
assumed  it  to  be,  on  account  of  a  small  percentage  of  moisture  con- 
tained in  the  steam. 

The  excess  of  back  pressm-e  in  the  experiment  amountcil  to  2t)7") 
pounds.  It  is  practically  imi>ossible  to  prevent  this  excess  entirely. 
Assuming  that  this  excess  can  be  reducetl  to  1  ))ound  the  resulting 
gain  in  efficiency  will  be  0*S14  per  cent. 

The  unavoidable  excess  of  back  prossmcwill  rahitx^  still  further 
the  small  gain  theoretically  possible  from  completing  the  exjnmsion  of 
the  steam.     It  ai)pears  likely  that,  in   the  present  rase,  any  g-ain   in 
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efficiency  resulting  from  tlie  use  of  a  higher  degree  of  expansion 
would  be  accompanied  by  equal  or  greater  losses  of  heat  by  conduc- 
tion and  re-evaporation,  by  friction,  etc.;  consequently,  we  must  con- 
clude that  the  loss  of  efficiency  due  to  incomplete  expansion  cannot  be 
diminished. 

The  loss  of  heat  due  to  external  radiation  and  conduction  has  been 
determined  directly  in  several  experiments  with  different  engines,  and 
has  beeen  found  to  vary  between  1"5  and  2*5  per  cent.  Assuming  a 
mean  value  of  2  per  cent,  for  this  loss  in  the  present  case,  and  that 
the  quantity  of  heat  actually  lost  by  external  radiation  and  re-evapo- 
ration was  1*44  per  cent,  less  than  the  quantity  given  above,  we  have 
a  loss  of  [16-67  —  1'44  —  2-00]  =  13'23  per  cent,  due  to  the  trans- 
mission of  heat  from  the  walls  of  the  third  cylinder  during  the  exhaust 
stroke.  This  loss  may  be  greatly  diminished  by  efficient  steam- 
jacketing  and  superheating ;  it  is,  however,  doubtful  whether  this  loss 
can  be  reduced  to  less  than  4*5  per  cent,  under  favorable  conditions  of 
practice.  Assuming  this  amount  of  loss  to  be  unavoidable,  we  find 
that  the  greatest  gain  in  efficiency  which  may  be  obtained  under  more 
favorable  conditions  of  working  in  the  Antlwacites  engines  is  equal  to 
[13-23  —  4-5  +  0-814]  =  9-544  per  cent,  of  the  total  heat  trans- 
mitted to  the  feed-water,  or  92-3  per  cent,  of  the  actual  efficiency  of 
the  engines. 

The  large  amount  of  condensation  in  the  first  cylinder  indicates  that 
the  steam  may  be  superheated  in  the  boiler  to  a  considerable  degree 
without  producing  injurious  effects  in  the  engines.  To  reduce  materi- 
ally the  "exhaust  waste,"  or  loss  from  re-evaporation,  in  the  third 
cylinder,  it  will  probably  be  necessary  to  dry  or  superheat  the  steam 
in  the  receiver  before  it  enters  the  third  cylinder.  Such  a  method  of 
treating  the  steam  in  a  compound  engine  was  recommended  many 
years  ago  by  Hirn,  and  has  been  practically  tried  in  several  instances 
in  France. 

No  account  has  been  taken  in  the  preceding  investigation  of  the 
heat  jJroduced  by  the  friction  of  pistons  and  valves,  as  no  safe  esti- 
mate can  be  made  of  its  quantity,  which  is  but  small  at  all  events. 

The  very  unequal  development  of  the  •  indicated  horses-power  iis 
the  different  cylinders  was  likely  prejudicial  to  the  economical  per- 
formance of  the  engines.  It  is  desirable  that  in  future  trials  of  these 
engines  attention  be  given  to  a  more  equal  distribution  of  the  indi- 
cated power  among  the  different  cylinders. 
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An  AC("()i;XToFTHK  KXI'KinMKNTS  mai.k  in  MrLIlorSK, 

(JERMANY,  in    a  COMMITTEK  of  the  INDISTKIAJ. 

SOCIpyrV  of   that   city,  ox  a  CORLISS   STEAM 

EX(;iXE,   in    DETERMIXE    n-    ECOXo.Mic 

I'KKFOKMAXCE  WITH  anj>  W  ITHOlT 

STEAM-JA('KETIX(;. 


Hv  Cliiet"  Kii^iiieer  1.shkk\\«m)1»,  I  .  S.  Xavv 


The  ex|)eriinents  de.sc-ril)etl  in  this  paper  were  iiuuh*  hy  a  committee 
(tt'thc-  Iixhistrial  S(»fiety  of  Mnlhoiise,  in  Alsace,  Germany,  «»n  a  Cor- 
liss engine  that  had  heen  alxnit  six  month.s  in  use  driving  the  hxim.s  of 
the  I'aetory  ol'  Messrs.  Sohlumlx*rger  &  Co.,  in  that  city.  The  com- 
mittee consisted  of  twelve  jiersons,  one  of  whom  wa.'^  a  member  of  the 
firm  which  constructed  the  engine,  and  their  report  will  l»e  found  on 
pages  5)  10  to  H.'il  of  the  Bulletin  of  the  Society  for  IXTS. 

The  cylinder  of  the  engine  ex|)erimente<l  with  wjl"^  not  only  steam- 
Jacketed  on  the  sides  and  both  ends,  but  its  piston  w:is  made  hollow 
and  lilled  with  steam  of  the  l)oiier  pressure,  like  the  jackets  ot"  the 
cylinder,  in  order  that  the  api)lication  of  steam-jacket ing  might  receive 
its  utmost  extension.  The  boiler  furnished  sjitunitetl  steam.  Xeither 
the  idea  nor  the  execution  «>f  this  mcthtKl  of  converting  the  piston 
iiUo  a  steam  jacket  was  new,  nor  were  the  exj)eriments  made  io  jis<-er- 
taiu  its  effect  upon  the  ecouitniic  performance  of  the  engine  a  novelty. 
as  precisely  the  Siuue  had  bci'U  done  in  the  city  of  Xew  York  by 
lleiuT  Waterman,  in  l.S()4,  an  acroiuit  <>t'  whose  engine,  an<l  a  com- 
plete detail  of  the  experiments  made  with  it,  were  given  in  a  memoir 
by  the  writer  to  the  Bureau  (»f  Steam  Kngim'cring  in  the  Xavy  De- 
partment of  the  Cnitetl  States,  and  publislie<l  as  an  appendix  to  the 
report  for  1876  of  the  chief  of  that  bureau  to  the  Sei-retarv  •)f  the 
Navy. 

The  experinitiits  made  l»y  tiie  (  nmmittee  ot  the  hulustriai  S.H-ittx 
of  Midhouse  are  nuu'h  iid'erior  to  those  mad*'  l)y  \\  atermau.  in  muu- 
ber,  importanci',  variety,  length  aixl  eoujpleteness,  but  they  have  the 
advantage  of  being  made  on  a  greatlv  larger  engine,  and  one  whose 
valve  gear  is  considered  by  many  to  l>e  |>e<-uliarly  adaptnl  tor  the 
ei'onomic  use  of  steam. 
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Instead  of  furnishing  a  translation  of  tlie  report  of  the  committee, 
which  would  be  of  but  little  use  to  the  American  engineer,  the  writer 
has  taken  their  observations,  recalculating  the  quantities  and  correcting 
them  where  necessary,  following  his  own  arrangement  entirely  and 
giving  his  own  deductions,  his  purpose  being  to  present  the  data  and 
results  of  the  experiments  in  the  most  compact  form  and  yet  include 
•every  fact  ascertained. 

Engine. 

There  were  two  Corliss  engines,  each  of  one  cylinder,  connected  to 
the  same  main  shaft,  but  only  one  engine  was  experimented  with ;  the 
other,  however,  was  kept  in  operation  at  the  same  time  for  the  purpose 
of  maintaining  a  uniform  number  of  revolutions  of  the  main  shaft  per 
minute,  which  was  necessary  for  the  work  of  the  factory,  during  the 
variable  loads  employed  with  the  engine  under  course  of  experiment. 

The  cylinder  was  horizontal,  and  connected  directly  to  the  main 
shaft,  which  carried  a  toothed  fly  wheel  gearing  into  a  pinion,  the 
pitch  line  diameters  of  the  two  comparing  as  192  and  65.  The  diam- 
eter of  the  pitch  circle  of  the  fly  wheel  was  16f  feet.  The  fly  wheel 
shaft  was  S^  feet  long  and  lit  inches  diameter.  The  shaft  of  the 
pinion  wheel  was  6f  inches  diameter  and  35J  feet  long  up  to  its  coup- 
ling with  the  shafting  of  the  factory.  The  cylinder  had  the  following 
dimensions : 

Diameter  of  cylinder,  .  .  .24  inches. 

Diameter  of  piston-rod  (both  sides  of  piston),  3f  inches. 

Stroke  of  piston,   .  .  .  .48  inches. 

Xet  area  of  piston,        .  .  .  442*0698  sq.  ins. 

Space  displacement  of  piston  per  stroke,  .     12"279717  cu.  ft. 

Clearance,     .  .  .  .  0*3937  inch. 

Space  in  clearance  at  one  end  of  cylinder,  .       0*100193  cu.  ft. 

Space  in  steam  passages  at  one  end  of  cylinder,  0*202470  cu.  ft. 

Total  space  in  clearance  and  steam  passages  at  one 

end  of  cylinder,  .  .  .       0*302663  cu.  ft. 

Fraction  of  the  space  displacement  of  the  jjiston 

per  stroke  in  clearance  and  steam  passages  at  one 

end  of  cylinder,  "  .  .      •  .       0*024647 

Ratio  of  length  of  connecting  rod  to  length  of  crank, 

between  centres,  .  .  .5* 

Pace  of  piston,  .  .      '  .  6^  inches. 
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Aj^grcgate  widtli  of  die   t\v(t    [»;ickiti<r  riiiL""-  in  tin- 

piKton,  .  .  .        \\  iinlie:;. 

Width  ill  clear  hctwfcii  tli<-  rslindi  r  mid  it^  -f«-;iiii 

jacket,  .  .  .  .        ','t\  iiicljc.'S. 

riiickuc'Ks  (»r  motal  ot"  cyliiid«  r,     .  .  Ij  inches. 

Thickness  of  metal  ot"  jacket,  .  .        1  jj  inclies. 

The  siih-s  and  ends  ot"  the  cylinder  were  steam  ja<'kete<l,  the  jaoket.s 
i>ein<;  cast  in  one  j)iece  with  the  cylinder,  and  with  iL<  ends,  Inith  of 
wliicji  \;\\{{-v  were  bolted  on.  All  the  jackets  (•ommnnicat«'«l  and  wen- 
drained  (»<"  their  wat<'r  of  condensiition  hy  a  pip*'  ^\■ith  an  antomatic 
valve,  and  also  by  a  valve  to  be  worked  by  hand  at  will. 

Tlie  piston  was  steam  jacketed  as  well  as  its  <'ylinder,  that  is  to  xiy^ 
it  was  cast  hollow  and  had  its  interior  Hlletl  with  stj-am  throii^di  a 
horizontal  tnbe  of  '■{  inch  interior  and  \\  incii  exterior  <ban>eter,  one 
end  of  which  was  screwe<l  into  the  piston  as  near  as  jMissibh*  to  the 
upper  end  of  its  vertical  (Hameter.  Tiiis  tnl)e  passetl  through  one  eml 
of  the  cylinder,  by  moans  of  a  stntling-box,  into  a  re<'epta«le  or  clo>e<| 
case  outside  of  the  cylinder,  by  m«'ans  of  another  stidling-box.  I'hc 
case  was  tille<l  with  steam  directly  frniu  the  jackets  of"  the  cvlinder, 
through  a  small  pipe,  and  tVom  the  case  the  steam  pasMil  throuL'^h  the 
tube  into  the  interior  of  the  pist(jn,  the  tnbi'  moving  with  the  |>i.-ton 
forward  and  backward,  and  passing  air  and  steam-tight  through  the 
two  St  idling-boxes.  \\\  a  precisely  duplicate  arrangement,  the  water 
of  condensjition  was  draine*!  from  the  interior  of  the  piston,  the  hori- 
zontal dniin  tui)e  being  s<'rewiHl  into  the  j)ist<»n  a*i  ne;ir  the  lowj-r  «'nd 
of  its  vertical  <liameter  as  possibK-,  pa.ssed  through  a  stutling-bo\  in 
the  en<l  ot"  the  cylinder,  and  then  through  another  stutling-box  in  tlie 
end  of  a  ca.se  or  n'ceptacle  ;  the  water  of  condeiisition  being  thus  dis- 
charged into  the  case  wa>  then«'e  nu'riwi  otl'  bv  a  small  vertiml  pi|H\ 
fitted  with  a  stop  cin-k. 

I'he  piston  rod,  with  unilorm  diauieter,  extenditl  thmugh  the 
|»iston,  and  tlirough  both  ends  of  the  cylinder  by  means  ot"  stutVnii:- 
l)oxes. 

Tlie  cylinder  had  lour  valves,  twt>  for  the  steam  and  two  id  ine 
exiiaust ;  the  former  were  at  the  highest  |)oint  «»f  the  cylintler,  the 
latter  were  at  the  lowest.  They  were  cvlindricjil  and  wurketl  in  cvlin- 
drii'ai  seats  with  a  vibrating  motion.  Tlu-  steam  valves  wire  also  the 
cut-otV  valves,  tlu'  point  ot"  cutting  otl"  being  variable  and  o»ntrolh>«l 
bv  the  Lr<»vernor  <>f  the  euirine,  which  acted  dire«'tlv  <>n  tlu-m. 
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All  the  steam  jackets  were  supplied  with  steam  directly  from  the 
boiler,  and  had  no  connection  with  the  valve  chests  or  cylinder. 

The  engine  was  fitted  with  a  jet  condenser  placed  beneath  the  cylin- 
der. The  air-pump  was  horizontal  and  its  piston  received  its  move- 
ment from  a  vertical  lever  or  half  beam  supported  in  a  pillow  block 
at  its  lower  end.  This  half  beam  was  Avorked  by  means  of  a  short 
link  connecting  it  with  the  crosshead.  The  feed  pump  was  also  hori- 
zontal and  operated  in  the  same  manner. 

The  cylinder  with  which  the  experiments  were  made  was  supplied 
with  saturated  steam  by  a  boiler  which  was  exclusively  employed  for 
that  purpose.  Another  boiler  supplied  the  other  cylinder,  and  between 
these  boilers  there  was  no  communication.  The  experimental  cylinder 
was  connected  to  its  boiler  by  a  steam  pipe  80  feet  in  length  and  6 
inches  in  outside  diameter.  This  pipe  inclined  strongly  upwards  after 
leaving  the  top  of  the  steam  drum  of  the  boiler,  so  that  any  Avater 
entrained  into  it  from  the  boiler  by  the  steam,  or  any  water  of  conden- 
sation in  it  due  to  external  refrigeration,  would  run  back  to  the  boiler 
by  gravity. 

The  cylinder  and  steam  pipe  were  weW  protected  from  losing  heat 
by  radiation,  being  covered  with  non-conducting  material. 

The  cylinder  valves  had  neither  steam  lead,  nor  exhaust  lead,  nor 
oushioning. 

The  Experiments. 

The  main  purpose  of  the  committee  was  to  ascertain  for  the  engine 
in  question  the  cost  of  the  indicated  horse-power  in  pounds  of  feed 
water  consumed  per  hour  when  no  steam  was  present  in  either  the 
jackets  or  in  the  piston  of  the  cylinder ;  when  steam  was  present  in 
the  cylinder  jackets  but  not  in  the  piston ;  and  when  steam  was  pre- 
sent both  in  the  cylinder  jackets  and  in  the  piston.  Throughout  all 
the  experiments  the  piston  speed  and  the  boiler  pressure  were  to  be 
maintained  as  nearly  constant  as  possible,  with  the  throttle  valve  wide 
■open ;  but  in  each  of  the  three  cases  the  engine  was  to  develop  difll^er- 
ent  indicated  horses-power  by  cutting  off  the  steam  at  different  fractions 
of  the  stroke  of  the  piston,  the  constant  speed  of  the  piston  being 
maintained  by  the  help  of  the  duplicate  engine  connected  to  the  same 
shaft.  The  determinations  of  the  cost  of  the  indicated  horse-power 
in  the  diflPerent  cases,  and  for  the  same  number  of  hor,ses-power  devel- 
oped, gave  the  economy  due  to  the  presence  of  steam  in  the  cylinder 
Jackets  alone,  and  in  the  cylinder  jackets  and  piston  combined. 
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The  ox[)<'i'iiii('iits  made  with  the  ."?ainc  piston  speed,  l^oiler  |)n-»urf, 
and  position  of  throttle  valve,  either  witii  or  without  steam  in  tiie 
jackets  and  j)iston  of  tiie  cylinder,  gJive,  incidentally,  the  e(.-onomifal 
I'ffect,  under  strictly  comparable  conditions,  of  the  ditl'erent  measures 
of  expansion  with  which  the  steam  was  used,  though  this  determina- 
tion was  no  j)ortion  of  the  intention  of  tlie  comniitte<',  who,  in  their 
conclusions,  utterly  ignore  any  ditterence  in  the  economic  residt  <>f  tiie 
ilifferent  measures  of  expansion,  assuming,  apparently,  the  eeonomv  to 
l)e  the  same  with  all. 

Twelve  experiments  were  made:  three  without  steam  in  either  the 
i-ylinder  jackets  or  j)iston  ;  one,  accidentally,  witii  the  jackets  partly 
tilled  with  steam  and  partly  filled  with  the  water  of  its  conden.sation, 
owing  to  tlie  incomplete  drainage  of  the  latter;  two  with  steam  in  the 
jackets  of  the  cylinder  l)ut  not  in  the  piston  ;  and  six  with  steam  in 
the  (ylinder  jackets  and  piston.  The  measure  of  expansion  with 
which  the  steam  wjts  used  varied  from  5" 7037  to  12*3i>7S  times.  The 
lioiler  pressure  averaged  GS-"2480  pounds  per  srpiare  inch  ahove  the 
atmosi)here,  and  the  numher  of  double  strokes  made  by  the  pist(»n 
averagetl  49'8925  per  minute  for  the  different  exj>eriments.  The 
steam  pressure  in  the  valve  chest  of  the  cylinder  averageil  3*5  pounds 
per  square  inch  less  than  in  the  boiler,  and  the  steam  pressure  in  the 
cylinder  at  the  commencement  of  tiie  stroke  of  the  ])iston  averagiil 
<3'827  pounds  per  scpiare  inch  le.s>  than  in  the  valve  chest,  owing  to 
the  smallness  of  the  steam  ports,  making  the  j)re.ssure  on  the  piston 
at  the  commencement  of"  its  stroke  10%'{27  i)()unds  j>er  s<piare  inch  le» 
than  ill  the  boiler.  This  consitlerable  difference  of  pressure  mu.-t  have 
given  the  steam  on  entering  the  cylinder  about  8*5  degrees  Fahrenheit 
of  .superheating. 

E;icli  experiment  was  inten(le<l  to  cx)ntinue  one  working  dav  of"  the 
factory,  and  such  was  the  case  witii  nine  of  tiieni,  which  average*! 
10"G371  hours  ;  the  remaining  three,  however,  owing  to  accidents,  con- 
tinued only  half  days  each,  averaging  ")'47G.')  hours. 

A  set  of  in<licator  diagrams,  and  a  complete  set  of  ol)servations  of 
the  steam  pressures  in  tlie  boiler  and  in  the  valve  chest  of  the  cvlin- 
<ler,  of  the  l)ack  pressure  in  the  condenser,  and  of  the  tem|M'r:Uuri's  of" 
the  injection  and  W^K^iX  water,  were  taken  every  fifteen  minutes.  The 
tt'iuperature  of  the  injection  water  was  sensibly  (^)nstant  throui;hout 
iit  bO\  degrees  Fahrenheit. 

Two  indicators    were   employed,   and    hail    their  .-springs  cai*efully 
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tested  at  the  temperature  of  use.  They  remained  permanently  in  posi- 
tion, one  at  each  end  of  the  cylinder,  and  gave  very  consistent  dia- 
grams. The  number  of  double  strokes  made  by  the  piston  was  taken 
Ijy  a  cotmter. 

The  feed  water  was  delivered  by  the  air-pump  through  a  special 
pipe  into  two  tanks,  alternately,  and  its  quantity  therein  ascertained. 
Each  tank  contained  106  cubic  feet.  The  weight  of  water  per  tank 
was  ascertained  by  weighing  into  the  latter  water  of  the  temperature 
of  the  feed  in  quantities  of  220  pounds  at  a  time,  and  then  repeating 
the  weighing  by  drawing  off  the  water  as  a  check ;  a  gauge  placed  at 
the  side  of  the  tank  was  thus  graduated  to  intervals  of  2*2  pounds,  so' 
that  at  any  moment  the  exact  quantity  in  the  tank  could  be  known  by 
inspection.  The  cost  of  the  power  was  measured  by  the  pounds  of 
feed  water  consumed  per  hour  per  horse-power. 

The  water  of  condensation  from  the  jackets  of  the  cylinder,  and 
from  the  piston,  were  drained  into  small  tanks  and  weighed  separately 
from  time  to  time  during  the  experiments  in  quantities  of  22  pounds. 

The  pressures  were  taken  from  carefully  tested  manometers.  The 
observers  were  numerous,  and  each  had  his  special  observations  to 
juake.     Every  provision  was  made  to  secure  strictly  accurate  results. 

An  experiment  was  made  to  ascertain  by  the  indicator  the  pressure 
on  the  steam  piston  required  to  work  the  engine,  per  se,  that  is  to  say^ 
the  unloaded  engine ;  the  factory  shafting  being  uncoupled  for  this 
})urpose,  so  that  the  experiment  determined  the  piston  pressure 
absorbed  by  the  friction  of  the  engine,  gearing  and  shafting  up  to  the 
coupling  when  working  with  the  shafting  and  looms  of  the  factory 
disconnected. 

After  the  shafting  was  uncoupled,  the  engine  thus  unloaded  was 
worked  thirty  minutes  at  52' 102  double  strokes  of  its  })iston  per  min- 
ute, during  which  time  sixteen  indicator  diagrams  were  taken  whose 
juean  gave  the  pressure  2*1641  pounds  per  square  inch  of  piston.  A& 
the  resistance  of  the  engine,  gearing  and  shafting  under  these  condi- 
tions was  almost  wholly  frictional,  and  therefore  uninfluenced  by  the 
speed  of  the  piston,  this  pressure  remains  constant  at  all  speeds  of 
piston,  and  must  be  deducted  from  the  indicated  pressure  when  the 
engijie  is  loaded  in  order  to  give  the  net  pressure  applied  to  the  crank 
pin. 

In  addition  to  the  above  determination  of  the  piston  pressure 
required  to  woi'k  the  unloaded  engine,  gearing  and  shafting  up  to  the 
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coupling',  the  ccjiiiinittee  iiuulf  anotlur  (letLriiiination  by  means  of  tw<j 
friction  hnikes  placetl  on  the  pinion  shaft  Jis  cl<>se  to  the  coupling  its 
|>ra(ti(:il)h,'.  From  tlie-^e  brakes  were  aseertainetl  tlie  liorses-p«jwer 
transmitted  to  the  shaftinjj^  Ix-yond  tliem,  wliile  thf  indicator  ^.ive 
simultaneonsly  the  indicated  horses-power  exerted  by  the  engine.  The 
snbtraction  of  tlie  first  |)ower  from  tlie  last  gave  tlie  j)o\ver  al)soriK*«l 
by  the  friction  of  the  engine,  the  friction  (jf  the  ge:iring,  and  the  fric- 
ti<»n  ot"  the  shafting  np  to  the  conpling,  per  se,  and  tdno  flu-  jrirtion 
jn'oduced  hji  ihf  lodd  on  these  mecluinisniis ;  consequentlv,  the  |K>wer 
obtained  by  the  siibtnu-tion  of  the  brake  power  from  the  engine  i»ower 
was  greater  tlian  that  due  to  working  the  iinh»atle<l  me<hanisnjs  by  the 
amount  ihie  to  the  i'riction  pnMhjcetl  by  the  load  u|)on  them.  The 
friction  resistances  of  an  engine  are  of  two  kinds:  one,  the  friction  of 
the  unloadetl  engine,  due  simply  to  the  weight  of  its  moving  parts, 
and  to  the  pressure  of  tlu'  jmckings  of  the  pistons,  piston-nKls  an<l 
valves;  this  friction  is  constant  at  all  sjkhmIs  of  piston,  and  is  wholly 
in(li'|)endent  of  the  htad,  i)e  the  latter  grejit  or  small  ;  the  pressure  on 
the  steam  piston  refpiired  to  overcome  it  is  the  true  pressure  re<piireil 
to  work  the  ludoadeil  engine,  per  se,  and  should  always  Ik*  useil  to 
obtain  the  net  pressure  upon  the  crank  pin  by  subtracting  it  from  the 
indii'ated  pressiu'e.  The  other  friction  resistan<e  of  an  engine  is  that 
which  is  due  simply  to  the  load,  and  is  a  constant  proportion  of  the 
Ioa<l,  varying  directly  as  the  latter  varies.  Now  the  load  is  repre- 
sented by  the  pre.«isun'  on  the  crank  pin,  or  net  pres>urt',  that  is  to  >av, 
by  the  tlitlerence  itf  the  indicated  pressure  and  the  pressure  re<piire«l 
to  work  the  unloaded  engine,  so  that  the  fricti(tn  due  to  the  load  is  a 
con>tant  fraction  of  the  net  jjressure  or  pressure  on  the  crank  pin, 
which  pressure  with  the  s:ime  engine  is  variable  within  verv  wide 
limits.  It  is  evident  that  when  the  brakes  were  in  action,  the  tlitler- 
ence  between  the  j)ower  shown  by  them  and  tiie  indicatetl  iH»wer 
exerted  by  the  engine,  include<l  b«»th  kinds  of  friction  resistan<r,  ior 
the  load  in  that  c:ise  w;us  upon  the  engine,  and  the  friction  of  the  load 
had  to  l)e  oveivome  as  well  as  tlie  friction  of  the  mere  weight  «»f"  the 
mechanism  and  of  the  pressure  of  the  packings.  The  onlv  nietho*! 
I»y  which  the  iVictioii  of  the  uidoatleil  engine  ran  Ix'  obtaineil  is  bv 
throwing  oil"  the  entire  loati  and  ascertaining  by  the  indicator  the 
pressure  retjuired  to  work  the  me*-hanism,  per  xe. 

The  experiments  with  the  brakes  ct^xUimteil  «)ne  hour  anil  thirtv- 
eight  minutes,  diu'ing  which  sixty-nine  indiciitor  diagrams  were  taken. 
Whole  No.  Vol.  CXI.— (Third  !?ERif2«,  Vol.  Ixxxi.)  24 
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The  mean  speed  of  the  piston  was  49*64  double  strokes  per  minute, 
from  which  the  extremes  varied  by  only  one-third  of  a  double  stroke ; 
and  the  pressure  on  the  piston,  due  to  the  horses-power  obtained  by 
subtracting  the  brake  power  from  the  indicated  power  exerted  by  the 
engine,  was  2*3452  pounds  per  square  inch.  The  pressure  due  to 
working  the  unloaded  mechanism,  as  given  direct  by  the  indicator, 
was  2*1641  pounds  per  square  inch  of  piston,  consequently  the  differ- 
ence between  that  pressure  and  the  pressure  of  2*3452  pounds  was  due 

to  the  friction  of  the  load,  and  is  p-3452— 2*1641  X 100       \    ^.^22 

V  2*3452  / 

per  centum  of  the  load.  The  friction  coefficient  due  to  the  load  alone 
has  always  been  assumed  by  the  writer  for  engines  as  habitually  lubri- 
cated at  7*5  per  centum  of  the  load. 

The  data  and  results  of  the  experiments  will  be  found  in  the  follow- 
ing table,  carefully  changed  from  the  French  into  English  measures. 
The  data  are  the  totals  and  means  of  all  the  indicator  diagrams  and  of 
all  the  observations  taken.  This  table  contains  all  the  reliable  facts 
which  can  be  obtained  from  the  text,  the  tables  and  the  indicator  dia- 
grams given  in  the  report  of  the  committee.  That  report  is  very  mea- 
gre, leaving  much  to  be  supplemented  and  inferred,  and  were  it  not 
for  the  diagrams  reproduced — one  as  a  representative  for  each  experi- 
ment— from  which  some  important  quantities  could  be  taken,  the 
experiments  would  lose  much  of  their  value.  It  is  to  be  regretted 
that,  with  so  convenient  an  arrangement  of  engines,  and  after  such 
elaborate  preparations,  so  few  experiments  were  made  and  so  few  facts 
of  interest  reported.  Even  as  regards  the  experiments  actually  made, 
some  most  important  data  are  omitted.  For  instance :  the  steam 
pressures  in  the  cylinder  at  the  commencement  of  the  stroke  of  the 
piston,  at  the  point  of  cutting  off  the  steam,  and  at  the  end  of  the 
stroke  of  the  piston,  are  not  given ;  neither  is  the  mean  back  pressure 
against  the  piston,  nor  the  back  pressure  against  it  at  the  commence- 
ment of  its  stroke ;  nor  is  even  the  indicated  pressure  giv^en,  nor  the 
fraction  of  the  stroke  of  the  piston  at  which  the  steam  was  cut  off'. 
All  these  could  be  obtained  from  the  indicator  diagrams  actually  taken. 
What  is  given  from  them  are  only  the  indicated  horses-power  devel- 
oped in  the  different  experiments,  and  the  horses-power  required  to 
work  the  unloaded  engine,  and  from  these  the  writer  has  calculated 
the  indicated  and  net  pressures  in  the  different  cases,  while  from  the 
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representative  dia<;raiii.s  lie  lia.s  taken  the  Inick  pro^nn-  a'_^:\in-t  tlie 
])istons  and  the  point  of  euttinj^  ott'  tlie  steam. 

Tlie  pre.s.snre  on  the  piston  at  tlie  eoniineneernent  ot"  its  strokt-  nui>t 
be  stated,  and  also  the  mean  hack  |)ressnre  aj^ainst  it,  in  order  that  the 
pressnres  l>et\veen  which  the  engine  worked  may  be  known.  The  lat- 
ter pressure  is  necessary,  too,  tor  a.scertaining  the  totiil  pressure  on  the 
pistf)n — a  most  important  »|uaMtity.  The  pressures  at  the  point  of 
cutting  off  the  steam,  and  at  the  en<l  of  tlie  stroke  of  the  j)iston, 
together  with  the  back  |>ressure  against  the  piston  at  the  couimence- 
meiit  of  its  stroke,  and  the  point  at  which  th(!  steam  was  cut  otl"  in 
i'raetions  of  the  stroke,  are  necessary  for  calculating  the  weight  of 
steam  present  at  those  |K)ints  in  the  cylinder,  from  which  and  the 
weight  of  water  pumpetl  into  the  boiler  the  cylinder  condensition  c:in 
l)e  known,  one  of  the  most  valuable  of  determinations  and  the  only  one 
which  explains  the  economy  derived  tVt»m  steam  jacketing  whose  crt'cct 
without  such  e.\planation  is  merely  mysterious.  A  properly  made  set 
of  ex|K'riinents,  and  a  proper  report  of  them,  not  only  gives  a/f  the 
facts  in  relation  to  the  subject,  but  furnishes  an  elucidation  of  them, 
showing  why  they  are  as  they  are,  and  pointing  out  the  prcKlucing 
and  UKMlifying  causes.  Had  the  committee  subniittetl  a  simple  table 
containing  all  the  (piantitias  it  was  possible  to  ol>serve,  ami  just  as 
observed  without  corrections  or  de<luctions,  others  would  have  been 
enable<l  to  mak(;  the  necessary  calculations  and  inferences  which  are 
now  im|)ossible.  Nothing  is  more  unsatistactorv  than  a  report  in 
which  only  the  i-onclusioiis  ot"  the  experimenters  are  given  without  a 
statement  of  the  complete  exjK'rimental  facts  and  processes  on  which 
they  are  baseil.  The  experimental  results  in  steam  engineering  are 
not  absolute,  but  relative  entirely  to  the  mechanism  and  metho«ls 
omployiHl ;  hence  the  necessity  ft)r  a  complete  description  of  Ixjth  and 
a  clear  statement  of  all  the  quantities  involve«l,  whether  bearing  on 
the  immediate  views  and  |)urposas  of  the  exjKMimenters  or  not. 

The  committee  in  their  report  do  not  give  the  weight  ot"  tee<l  water 
actually  |niiiiped  iiUo  the  boiler,  nor  the  weight  of  th«'  water  of  <-on- 
deiisation  a»'tually  draini'd  troin  the  steam  jackets  and  pisttui  ot"  the 
cyliiuler;  but  they  give  these  weights  reiluceil  to  the  temjKTature  of 
■32  degrees  Fahrenheit.  That  is  to  s:iy.  taking  the  proihict  of  tJie 
total  heat  imj)art«<l  to  the  feinl  water  in  the  lH)iler  al>ove  its  actual 
temperature  on  entering,  into  the  the  actual  weight  of  that  water,  they 
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calculated  what  would  be  the  weight  of  water  given  by  dividing  this 
product  by  the  total  heat  that  would  have  to  be  imparted  to  the  feed 
water  had  its  temperature  on  entering  the  boiler  been  32  degrees  Fah- 
renheit instead  of  the  temperature  it  actually  was,  in  order  to  convert 
it  into  steam  of  the  boiler  pressure.  This  quotient  is  a  factitious  quan- 
tity and  misleading.  It  is  not  the  weight  of  steam  producing  the 
power ;  that  weight  is  independent  of  the  temperature  of  the  feed 
water  and  would  be  the  same,  other  things  equal,  let  the  temperature 
of  the  feed  water  be  what  it  might.  The  committee's  calculated  weight 
of  water  only  represents  relatively  the  units  of  heat  that  would  have 
been  imparted  to  the  feed  water  on  the  supposition  that  its  tempera- 
ture was  32  degrees  Fahrenheit,  a  perfectly  useless  piece  of  knowl- 
edge ;  what  is  required  to  be  known  are  the  units  of  heat  that  were 
actually  imparted  under  the  experimental  conditions  to  the  feed  water. 
Diiferent  mechanisms  and  methods  of  using  steam  are  necessarily 
accompanied  by  inseparable  different  temperatures  of  the  feed  water,^ 
and  these  are  the  temperatures  which  should  furnish  the  bases  for 
computation  and  not  factitious  or  arbitrary  ones.  Accordingly,  the 
writer  has  been  obliged  to  re-obtain  the  true  or  experimental  w-eights 
of  feed  water  by  taking  the  committee's  factitious  weights  in  the  dif- 
ferent experiments,  and  reversing  the  order  of  their  calculations, 
employing  in  each  case  the  experimental  temperatures  of  the  feed 
water  and  of  the  boiler  steam ;  and  these  weights  are  given  in  the  fol- 
lowing table  instead  of  the  erroneous  weights  calculated  by  the  com- 
mittee. Nothing  like  this  table  will  be  found  in  the  committee's 
report,  but  it  contains  all  the  facts  which  could  be  collected  from  the 
text,  tables  and  indicator  diagrams  therein  given. 

For  facility  of  reference,  the  quantities  in  the  table  have  been 
arranged  in  appropriate  groups :  the  description  of  the  "quantities  on 
their  respective  lines  is  so  full  that  no  additional  explanations  are 
needed,  save  that  the  net  pressures  on  the  piston  are  in  all  cases  the 
indicated  pressures  less  2*  1641  pounds  per  square  inch,  which  is  the 
pressure  required  to  work  the  unloaded  engine ;  and  that  the  total 
pressures  on  the  piston  are  in  all  cases  the  sum  of  the  indicated  pres- 
sure on  the  piston  and  of  the  back  pressure  against  it.  Each  experi- 
ment is  designated  by  a  capital  letter  placed  at  the  head  of  the  tabular 
column  containing  its  data  and  results. 

(To  be  continued.) 
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STKAM     JACKETING. 
By  Chief  Bngixeer  ISHERWOOI),  U.  S.  Xavy. 
^■^''"■"  '^n^'piilli^p  ^  T?"*^^-'^  AND  Results  of  the  Experiments  made  at  Mulhouse,  in  Alsace,  Germany,  os  the  Jacketed  CORLISS  Condensing  Steam  Engine  niinixti  the  Faci-ory  of  Messrs.  .Sriii,i\iiiF.K(;KR   Sox  A  CV 

DETFJIMrXE   ITS    tCOXOMIC    EFFICIENCY-    IN    RAPPORT   Op   PoWEK   TO   WEIGHT  OF   StEAM   CONSUMED   UNDER   THE   DIFFERENT   CONDITIONS   OF   NO  STEAM   IN   THE   CYLINDEl!   JAClCE'l-s    NOR    IX    THE   PISTON;   OI'  THE  ' 

PARTLY    FILLED   fl-ITH   STEAM    OF   BOILER   PRES'-I-RE   AND   PARTLY   PILLED   WITH   ITS   WATER   OF   CONDENSATION,  BUT   NO  STEAM   IN   THE   PISTf )N ;   OP  THE   CYLINDER   .lACKE'iS   FILLED   WITH   STEAM 
.  PRESSURE,  BUT  NO  STEAM   IN   THE   PISTON;    AND,  FINALLY",  OF  THE   CYLINDER   JACKETS   AND   PISTON    FILLED   WITH   STEAM   OF   BOILER   PRESSI'HE. 

llie  jiislon  speed  and  boiler  pressure  »v<v  nearly  eonstani,  but  the  steam  was  used  with  different  measures  of  expansion.     The  throttle  mire  wiis  iride  open  thmne/hnut.  mul  the  steam  used  was  saturottd. 


I'VI.IXllEI!    .IA(•K^ns 
IF    BOILHi; 


No  steam  in  the  steam  jackets  of  the  cylinder, 


the  steam  jackets  of  1 


T(  ITAL 
QlAMITIEtS. 


Date  of  the  experiments,    ..... 

I   Duration  of  experiments  in  consecutive  liour.s,    . 

Total  nmnlier  of  pounds  of  feed  water  pumped  into  the  lioik-r 

Total  nvnnlier  of  pounds  of  water  of  condensation  draimil  In 
I     ^     the  cylinder,  ..... 

I  Total  nuinher  of  pomuls  of  water  of  condensation  drained  hum  the  steam-piston, 

Aggregate  number  of  pound.s  of  water  of  condensation  drained  from  the  steam  jackets  1 
]  of  the  cylinder  and  from  the  steam  piston,    .  .  .  .  .       / 

I  Per  centum  of  the  steam  evaporated  in  the  boiler  condensed  in  the  steam  jackets  of  1 
the  cylinder,  ........       f 

I   Per  centum  of  the  steam  evaj^orated  in  the  boiler  coudeUM'il  in  the  steam-piston, 
I   Aggregate  per  centum  of  the  steam  evaporated  in  the  liniler  condensed  In  the  steam) 
I  jackets  of  the  cylinder  and  in  the  steam  piston,  .  .  .       / 

I.  Total  number  of  double  strokes  made  by  the  steam-piston,    .... 

f  Steam  jiressure  in  boiler,  in  pounds  per  square  inch  above  the  atmosphere. 


Steam  ju-essure  in  valve  chests  of  cylinder,  i 

phere,  .... 
Projiortion  of  throttle  valve  open,  . 
Fraction  o(  stroke  of  piston  completed  win 
Xumber  of  times  the  steam  wiih  expiimlpd, 
Pressure  in  the  con-im-fi-  in  imniui..  jmt  -^ii 
Temperature,  in  .lc;;rr,~  l-\ilir.  nli.ii,  ..r  ili, 
Number  of  pounds  -.i  i.-.  d  w  ;,i>  i  j,uiiiji.<l  j 
Number  of  double  >iiuke>  mude  [nr  inijuii 


pounds  per  «juare  inch  above  the  atnios-  \ 


iito  tile  boiler. 


by  the  piston. 


f  Steam  pressure  on  piston  at  commcncei 
above  zero, 
>1K-\M  I  Mean  back  pressure  against  piston  durinj 

Plil>srRES    ■!  zero,  .  .  .  .  . 

I^'  <'V1,[XDER.  I  Mean  indicated  pressure  on  piston  during  its  stroke,  in  pounds  per  square  inch. 


cut  of  its  stroke,  in  pounds  per 
in  pMunds  per  square 


stroke 


re  inch  1 
1  above  I 


HOHSKS- 

I'<AVEK. 


KroXOMIO 
RESULTS. 


-Mean  indicated  pressure  on  piston  during  its  stroke,  in  pounds  per  square 
I  Mean  net  pressure  on  piston  during  its  stroke,  in  pounds  per  square  inch, 
1  Mean  total  pressure  on  piston  during  its  stroke,  in  pound^^  jier  square  inch, 

(  Indicated  horses-power  developed  by  the  engine 
'j  Net  horses-power  developed  by  the  engine,  . 
1  Total  horses-power  developed  by  the  engine, 


Number  of  pounds  of  feed  water  consumed  per  liour  per  i 
Numljcr  of  imnnds  of  feed  water  i-oiisiMiu-d  jicr  hour  jier  i 

Number  of  iicniml-  '■(  iVe.i  waiev  i-.m-ui 1  per  | •  per 

Number  ot  Fabrenheh  unil-  ..I'  Inal  e.iiiviniie.l  |„i'  lemr 
Number  of  Faluvnlieil  iinil..  ..I  li.nl  e..i.sniiieii  per  h..ui'  i 
Number  of  Fnbreiili.il  iinils  ..f  b.^at  .•.)iisnnied  per  li.iur  | 


i.licate.i  liorse-jiowfc 


May  6th,  A.M.      April  Stli. 


67-7148 
64-1(122 

Wide. 

0-0580 
12-3978 
1-9907 


jSteam  jackets  of  theil 

cylinder  not  thoi-- 

oughly  drained, 'I Boiler  steam  in  tlie  steam  jae 

but   filled    partly! 

with  boiler  steara^     of  the  cylinder,  hut  no  steat 

and  partly  with  its  / 

water  of   conden-jl     the  steam-pistnn. 

sation. 
No  steara    in  tlic| 


n 


10-662.5 
34813-0193 
1387-0796 


i: 


May  6th,  P.M.    ;  April  lUh. 


Wide. 

0-1050 
7-9033 
2-0680 


67-1601 
63-6600 
Wide. 

n-io.TO 

7-9033 
2-0880 


l.')-21I3 

24-0281 

24-3657 

13-0472 

21-8640 

22-2016 

18-1973 

27-1301 

27-4977 

81-3881 

126-6726 

128-4950 

89-8090 

11.5-2637 

117-0824 

9--3647 

143-02.58 

145-0219 

28-3079 

26-2093 

25-6694 

33-0033 

28-8l)3-S 

28-1715 

en'iiiMi 

2.S-212U 

2J-7441 

.',lii7»-i>,-,;i.-, 

■JII.-,1.S-.M24 

2siiiii-;:i:ie 

:i7:;sj-Glii.s 

.■i244ll-2oS7 

.■!17;i)-42siJ 

2B731-,S267 

2U143'4461 

2.3li21-4174 

67-7000 

63-2900 

Wide. 
0-1.550 
5-7037 

2- nils 


27a7o2 
32-5845 

157-0947 
145-5213 

174-2CI16 


100-3357 
88-3128 
1 15-9589 


2:;4M-7424 
Jn452-7617 


i-8472 
i-4196 


1.58-4246 
146-8363 
175-8127 


May  7th. 

10-S740 
21804-O669 

1116-9229 

292-5492 

1409-4721 

0-1224 
1'34I7 
6-4641 


67-8854 
64-.5900 
Wide. 

0  0700 
10 -82.59 

1-9718 


19'1925 

17-0284 
22-1.502 

103-6611 
91-9725 
119-3(i«0 


// 

I 

May  8th. 

May  nth. 

10-5940 
27601-4743 

9-69.5S 
28342-0635 

1324-5963 

1173-6a5S 

338-2278 

.351-1921 

1062-8241 

1524-827!! 

4-7990 

4-1410 

1-2254 

1-2391 

6-0244 

6-3801 

32480- 

28847- 

67-1,316 

70-7584 

63-3484 

87-9992 

Wide. 

0-1050 
7-9033 
2-1069 
82- 
2005-3874 
SI -0981 

Wide. 

0-1250 
6-8471 
2-1260 

83- 
2923-I27:i 

40-.586N 

71-2090 

75-8600 

3-1599 

3-I8H0 

24-5181 
22-3540 
27'6780 

27-845S 
2.5-6S17 
31 -034.% 

.1.34-2635 
122-4127 
151-5674 

147-9764 
136-4761 
l(!4-«2;j2 

19 -4050 
21-2836  ' 


19-7.54(1 
21-4I.SI; 


May  10th.       May  9th.      April  121b 


1.327-3678 
340-8886 
1(177-2564 

4-0400 
1-0646 
5-ln4(i 
323.58. 

70-7000 
67-2027 


1304-9939 
370-2830 


31978- 
71-3.558 


1275-7270 
349-1283 
1624-8.S39 


4-6a50 
3-2333- 


Wide. 

Wide. 

Wide. 

u-1350 

0-1500 

0-155O 

6-4182 

5-8670 

5-7037 

2-1260 

2-1648 

2-1844 

39-5327 

29-99110 

27-3086 

27-8259 

(2-7799 

33-2066 

1.56-1874 

140-8108  144-7423 

169-1740  173-3006 

ll)-7801  1«-61.54 

2! -31(08  I          21-1664 

17-8045  '          17-(;72:'. 

222S(l-4747  22(I7^VJ1-. 

24094-7811  '•    2:^-1  -"-I  ^ 

200.55-1419  ,    IKVH  ■!;;)>; 


178-9918 

20-3725 
21-9570 
18-36.59 

J!  1 10- 1149 
I.  ii  11 -9815 

1 11 M -.571 2 
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JiKJ'AIKINC    A    i;ii()Ki:.\   (RANK    Willi    W  1 KK  lie  )i'K. 


The  followiii)^  <lcs<Ti|»ti<ui  of  the  t«'m|Mjnirv  r('|iair>  made  t<»  tin- 
hroken  cranks  of"  the  U.  8.  stcarnor  Pensacolfi  hy  G.  W.  Stivers,  Passi-*! 
Assistant  Eiitjineor  U.S.  Navy,  is  interestinjr  in  showing;  what  mav  In 
•  lone  with  win*  rope  in  the  way  of  rcj)airs  on  shi|>l)oarcl. 

TIm'  after  crank  of'  tin-  fnrwanl  engine  only  is  .sIkuvii,  this  otu;  hav- 
iii^f  liccn  hrokcii  entirely  a(n»ss;  hnt  the  plan  adnjjfed  in  handin^r  \>*tx\\ 
•eranks  of  the  after  enj;ine,  whieh  were  broken  nearly  across,  was  pp-- 
<'isely  the  same.  Tlie  crank  shaft  and  cranks  were  in  one  solid  for;:- 
in^,  and  the  fractures  were  <lirectly  across  the  iKxlies  of  the  ci-ank>, 
between  tiie  <;nink  pins  and  the  sliaft,  as  if  following  the  plant- 
of  contact  of  the  fagots  used  in  building  U|)  the  cranks  in  tht- 
stnithery. 

For  several  months  the  existence  of  a  very  slight  cra<-k  in  lin-  ait<  r 
<rank  of  the  forward  engine  was  known,  but  frerpient  e.\aminatit»ii^ 
lailed  to  show  any  extension,  and  it  was  considered  sin)plv  a  -urfa«*e 
Jiaw  of  no  great  consei|neiice. 

At  about  5  I'.M.,  .June  iMth,  1S8<>,  the  ship  ijcing  on  her  wav  from 
San  Francisco  to  Paget  Soun<l,  it  was  found  that  tliis  crick  was  i-apidlv 
■extending.  The  weather  w:ls  tine,  sea  smootli,  and  with  njuare  sails 
set  the  engines  were  sloweil  <lown,  while  preparations  were  made  to 
strengthen  the  crank  by  tem|M)rary  bands,  so  as  u>  rtwh  \'ictori:i, 
wlurc  it  was  ex|)ecte<l  that  a  heavy  band  could  be  forge«l  ami  -liriink 
i>n.  The  only  inui  that  ••ould  Ih'  worke<I  on  board  ship  w;ls  a  pi«-<e 
'.\l  inclu's  with'  and  J  inch  thick,  and  it  was  proj)osetl  to  nuike  of  this 
two  bands,  to  embrace  the  crank  side  by  side  and  to  l)e  set  up  bv  two 
1-incli  bolts  on  each  side,  passing  through  lugs  formed  bv  Iwudiuir  up 
and  thickening  the  ends.  The  strength  of  the  baiuls  as  >tnips  wa* 
therefore  only  that  of  two  1-inch  bolts,  and  its  titter  insuflieiencv  wa- 
^jvideiit. 

At  alH)ut  1>  oVItM'k  that  night  the  crank  had  broken  cntirelv  a.  i  - 
bin  as  the  two  ])arts  ujoVihI  together  as  u>ual,  the  invgidar  surta«  •  -  ; 
tlir  bicak  and  the  long  forwanl  journal  juvventing  their  scpanuioji. 
the  engines  wire  kept  slowly  revolving  until  noon  of  the  next  dav, 
when  the  i)lan  of  iron  ban«ls  was  abandoutHl,  lH.'foix'  Ix'ing  i':irrie«l  out, 
in  tavor  of  the  following  one,  projwseil  i>v  Mr.  Stivers. 


374  Repairing  a  Broken  Crank.  [Jour.  Frank.  Inst., 

Ten  gutter  pieces  or  shoes  were  made  of  an  old  iron  grating  and 
placed  equidistant  about  the  crank  in  order  to  keep  the  bottom  turns 
of  wire  rope  from  spreading  apart  when  the  riding  turns  came  to  be 
put  on  over  them.  The  shoe  at  the  extreme  end  and  that  on  the  butt 
of  the  crank  only  were  secured  in  place  by  a  small  bolt  through  the 
centre,  the  other  shoes  being  held  in  proper  position  by  hand  until 
bound  by  the  first  turn  or  two  of  rope.  Into  the  hub  of  the  crank  a 
bolt  one  inch  in  diameter  was  tapped,  to  which  the  end  of  the  rope 
was  secured,  and  the  work  of  wrapping  the  crank  consisted  simply  in 
passing  the  wire  rope  continuously  around  the  crank,  hauling  each 
turn  taut  by  means  of  a  heavy  deck  tackle  passing  down  through  the 
engine  room  hatch,  and  seizing  each  turn  securely  to  the  one  imme- 
dsately  preceding  it  before  slacking  off  the  tackle.  It  w'as  estimated 
that  a  tightening  pull  of  about  two  tons  was  brought  on  each  turn  of 
rope,  and  the  seizing  of  the  separate  turns  having  been  done  very 
expertly  there  was  no  slacking  back  of  the  wire  rope  during  the  pro- 
gress of  the  whole  work. 

In  this  manner  eleven  turns  of  the  rope  were  put  around  the  crank 
side  by  side,  just  filling  up  the  space  between  the  jaws  of  the  shoes; 
then  over  these  were  put  ten  riding  turns,  and  over  these  again  nine 
riding  turns,  making  altogether  thirty  turns  of  wire  rope  encircling^ 
the  crank.  The  finishing  end  was  simply  passed  around  the  banding- 
at  one  of  the  shoes  and  stopped,  as  shown  in  the  sketch. 

The  wire  rope  used  in  this  work  was  of  j^  inch  diameter,  consisting- 
of  five  strands  of  17  wires  each,  arranged  about  a  central  hemp  core 
of  -^  inch  diameter,  the  wires  being  of  number  19  wire  gauge. 

The  work  of  banding  this  crank  was  completed  in  seven  hours,  and 
just  as  it  was  finished  it  was  found  that  both  the  cranks  of  the  after 
engine  were  broken  nearly  across,  the  cracks  extending  entirely  through 
each  crank  to  within  about  one  inch  of  each  side,  in  about  the  same 
direction  and  relative  position  as  in  the  forward  crank.  This  discovery 
caused  the  abandonment  of  the  attempt  to  reach  Victoria;  the  ship 
Avas  headed  to  the  southward,  with  the  intention  of  returning  as  best 
we  could  to  San  Francisco  under  sail,  and,  the  banding  of  the  forward 
crank  having  been  so  satisfactorily  accomplished,  it  was  decided  to 
strengthen  the  after  cranks  in  the  same  manner,  so  that  the  engines- 
might  be  used  in  case  of  emergency. 

This  was  done,  and  when  about  200  miles  from  San  Francisco,  the 
wind  blowing  lightly  from  ahead  and  sails  being  useless,  the  engines 
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were  started  :iii<l  unrUcW  (•(nitiiiiiour'ly  witlioiit  xtoppinj;  for  over  lo 
hours,  until  tin-  aiidior  was  i]ro)){>e<l  in  tlie  harbor  of  Siin  Fninri«M'«>. 
During  this  time  45,H:io  revohuions  were  made,  an  average  of  IfJSo 
levohitions  per  minute,  and  an  avera^'c  spee<l  ma<l('  of  4*41  knots  jkt 
hour  under  steam  ah)ne.  The  next  day  the  ship  wsls  stennie<I  up  to 
the  Mare  I-land  Xavv  Yard,  26  miles  from  Sjin  Fnmcist'o,  the  enjjint'S 
heiiiji^  stojipcd  and  startnl  M'venteen  times  during;  the  run  to  all<»>v 
tar^'ct  practice,  and  upon  arrival  at  the  yanl  the  ro|><'  hantlin^  was 
touiid  to  l>c  as  tiiiM  and  unyielding  as  when  Hrst  put  on  the  cranks. 


Arrnnpomont  of   Wire  Roik"   ItainHn);,  as  n|)plii>il   to  the   frntiiire*!   rranks   of   tin* 
r.8  iS.  Ptnmeola.     I k'signitl  l>y  (Jko.  W.StivkK-s,  rn-vNt-*!  AN>Lstuiit  Kn^init-r  I'.S.N. 

The  spee<I  nt  which  the  onpints  were  run  with  these  fniotuntl 
cranks  was  low,  for  the  weather  was  tine  and  no  no<>essity  ntjuirc*!  the 
takini;  ot'  the  least  risk;  the  initial  pressure  alH>ve  zem  on  the  pistons 
was  20  pounds,  cuttini;  otV  at  U  inches,  there  iH-inir  tw<t  cylinder.  ^^^^ 
ini'hes  diameter  and  -iG  inches  stroke;  yet  it  is  evident  from  a  (-zilcnla- 
tion  of  the  strength  of  the  banding  on  the  extreme  after  crank,  which 
transmits  the  power  of  Inith  engines,  and  which  w«ndil  have  Invn 
lurther  strengthenetl  if  more  wire  ro|>e  had  Ikvu  at  han»l.  that  a  <>>n- 
siderably  greater  speeil  could  have  been  safely  attaineil. 


376  Mogk   Well.  [Jour.  Frank.  Inst., 

The  gutter  pieces  or  shoes  Avere,  it  Avill  be  seen,  indispensable  to  the 
successful  application  of  the  wire  rope  banding,  for  they  prevented 
the  first  course  of  rope  from  spreading  under  the  pressure  of  the  riding 
turns;  they  allowed  the  driving  of  iron  wedges  beneath  them  without 
injury  to  the  rope,  in  case  it  should  become  slack  and  require  tighten- 
ing, and  they  permitted  the  passing  of  the  end  of  the  rope  between 
the  crank  and  the  whole  banding  so  as  to  secure  it  firmly. 

It  was  expected  that  the  wire  rope  would  in  a  short  time  stretch, 
and  the  intention  was  therefore  to  first  drive  iron  wedges  under  each 
shoe,  nipping  the  ends  over  the  end  of  the  crank,  and  then  to  drive 
all  around,  under  the  rope  banding,  dry  pine  wedges  which  would  be 
swelled  by  the  water  used  on  the  crank  pins,  but  there  was  no  necessity 
for  any  wedging  whatever,  and  perhaps  would  not  have  been  had  the 
engines  been  in  operation  a  much  longer  time  than  they  were.  The 
shape  of  these  cranks  made  the  application  of  the  banding  quite  a 
simple  matter,  though  it  would  not  be  difficult  to  adopt  such  a  system 
of  wrapping  with  wire  rojDe  to  a  crank  of  any  shape  whatever. 

It  is  thought  that  the  idea  has  not  occurred  to  engineers  generally 
tliat  they  have  in  wire  rope  such  a  ready  and  effective  means  of  tem- 
porarily repairing  damages  to  engines  at  sea.  Many  repairs  that  are 
now  made  with  vStraps  or  bands  hastily  constructed  under  the  disad- 
vantages always  attending  smith's  work  on  board  ship  can  be  much 
more  quickly  and  easily  made  by  a  few  turns  of  wire  rope.  This 
material  may  yet  be  the  means  of  repairing  a  broken  shaft  of  a  steamer 
so  that  she  will  be  able  to  steam  into  port  at  a  moderate  rate  of  speed. 

In  the  case  of  repairs  to  a  broken  shaft  the  ends  of  the  rope  could 
be  passed  through  and  secured  to  the  back  of  square  pieces  fitted  into 
keyways  cut  in  the  shaft,  then  passing  the  rope  around  the  broken 
shaft  and  securing  the  other  end  of  the  rope  in  a  like  manner;  these 
pieces  to  be  bolted  to  the  shaft  with  tap  bolts;  for  backing  the  rope 
must  be  wound  around  the  shaft  in  the  opposite  direction. 

The  ease  and  facility  with  which  repairs  can  be  made  with  wire  rope 
commend  it  to  engineers  and  steamship  owners  as  a  part  of  the  neces- 
sary outfit  for  a  steamship.  J.  C,  Kafer. 


Magic  Well. — An  artesian  well  at  Atchison,  Kansas,  furnishes 
both  fresh  and  salt  water.  A  long  tube,  which  reaches  to  the  bottom 
of  the  well,  penetrates  a  salt  vein,  while  a  shorter  one  only  extends  to 
a  stream  of  fresh  water. — Fortsch.  dcr  Zeit.  C. 
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CONX'EXTRATIOX  OF  LOW  CliADK  ORKS. 


The  larLT*'  «l<'|tosit>  <tt"  low  j^racK'  ores  that  are  Immiiit  coritimially 
uiicovcrcil  iti  the  search  fur  the  ores  of  higher  ^ra»le  place  a  <jin*^tioii 
lu-fore  th«,'  iiiiiiiii^-  eiij;iiieei-  and  inefallurtrist  which  lias  daiinnl  much 
attention  in  the  |»ast  iew  vears,  'J'he  low  Lrrade  ores  are  thoM-  whieh 
nm  verv  low  in  metallic  suhstance  in  |)ro|)ortion  to  their  ^an^rne. 
That  is  a  low  j^radi-  ore  which  rntis  from  So  to  jS.'io  jwr  ton.  If  it 
were  necessjirv  to  work  a  hiw  ^radc  ore,  to  roast,  pulverize,  amalj^- 
mate  and  retort  it  would  cost  so  much,  with  the  additional  exjHMise  of 
miniufi;  and  hauling  that  it  w<mhl  not  pay  to  totich  it  without  concen- 
tration; concentniti(»n  is  divi<linj;  the  metallic  ore  Irom  th<'  waste 
roeU.  This  is  done  in  s(tme  countries  hy  poundinjx  the  ore  into  small 
|iieces  and,  l»v  hand,  pickinj^  the  p»<m1  out  of  the  waste;  this  was  the 
ori<:;inal  sepai'atittn.  The  next  step  was  to  till  a  tard<  with  water,  su>- 
pend  a  smaller  hox  in  it  havinir  a  screen  hottom  and  heinfj^  fa-;tened  to 
a  JiiMi;  pole,  which  was  jtivoted  on  an  upri>;lit  post.  The  ore,  broken 
into  small  pieces,  was  then  i)ut  inti)  this  box,  the  end  of  the  poh- 
*:;rasped  and  a  quick  up  and  down  movement  «jiven  to  the  pole  and 
l)ox.  This  (piick  ])lun<;e  of  the  smaller  l)ox,  containiiii;  the  ore,  into 
the  water  in  the  lar^e  box  pushes  the  <piart/  or  rock  up  and  allow- 
the  metal,  hein^;  heaviest,  to  settle  at  the  Intttom  tjf  the  1m)x.  The 
rock,  liein<;  lin;hter  than  the  nietal,  collects  upon  the  surfaci:*  and  is 
skimmed  ott".  This  was  the  fii^st  nu-chanicid  means  uscil  f<ir  the  *.p- 
aration  (»f  ore.  Fn»m  this  simple  machine  has  ^rown  the  present  con- 
centrator, now  in  use  in  Englanii  and  the  Unittnl  States. 

The  followinjj^  cut  represents  the  Rojj^ers  Swinjj  Grjite  Concent i"ator. 
desiijned  espeiMally  to  meet  the  recpiirements  of  the  minin<;  eni;iiu*er  in 
workinij  the  low  gnide  on^  successfully  and  protitaMv.  As  the  o»n- 
<'entralion  «)f  ore  depends  upon  the  pulsjition  of  water  in  the  iriir  Imix, 
where  the  ore  is  separatcnl  from  its  puiirue,  li<rht  ores  re«|uire  hut  litth- 
:i>;itation  and  heavy  ores  threat er  airitation.  'I'his  has  lon«;  Imh'Ii  known 
as  a  urcat  point  in  concentration,  hut  there  ha-;  never  been  a  machine 
<'onstruct«d  with  this  principle  in  view,  so  that  any  ore,  eitiier  of 
ureat  or  liu;ht  spirific  gravity,  could  bo  treattni  until  the  pri'sent  one, 
rej>resente<l  in  the  cut.  This  is  the  oidy  concvntrator  whi<'h  is  osipable 
of  treating  all  ores.     It  is  riKX)mmende<.l  on  account  «»f  its  cheapness, 
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simplicity  and  capability  of  working  any  ore  which  will  separate  from 
its  gangue. 
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In  cases  where  water  is  scarce  these  concentrators  can  have  a  pipe,, 
protected  with  a  screen  nozzle,  projecting  into  the  waste  compartment^ 
A,  and  running  into  the  main  compartment,  B,  where  a  check 
valve  allows  of  an  intermittent  stream  being  pumped,  by  the  action 
of  the  vibrating  gate,  through  from  the  "waste  and  forcing  it  up 
through  the  screen.  By  this  simple  arrangement  the  water  can  be 
used  over  and  over  again. 

It  will  be  seen  at  a  glance  that  this  concentrator  is  so  perfectly 
adjustable  in  all  its  working  parts  as  to  allow  of  its  being  run  by 
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unskilled  laljor.  Aiiuther  j^rcat  desiiloratiMn  i-  it-  caiKilMJity  to  trwit 
ores  of  greater  or  less  s|)eciHc  gravity  merely  l>y  altering  vibration  of 
the  gate,  by  mesins  of  the  :uljustablc  ('(•(•entric,  thereby  pnxlucing  either 
a  slight  or  heavy  pulsation  <A'  water  through  the  s<'re<'n.  Any  «l»5<ire<l 
si>ee<l  van  l>e  obtained  by  means  of  the  eones.  The  tight  and  IcxiHe 
pulleys  admit  of  instant  stoppage,  without  interfering  with  any  of  the 
pidlevs  or  shafting  in  the  mill.  Extra  (u-tings  for  the  screen  grates 
are  provided  with  ea<li  ma<-hine,  so  that  different  sized  s<-reens,  from  4 
to  80  mesh,  can  be  placed  in  iK>sition  in  a  few  minutes,  causing  v.ry 
little  delay  in  the  work.  The  weight  of  each  machine,  tank  include*!,  is 
about  MoU  poun<ls,  and  each  machine  can  l>e  shij)}>e<l  in  se<'tions,  and 
put  together  at  the  mines  from  the  construction  drawings. 

Six  of  these  concentrators  are  alnsuly  in  successful  operation  at 
Alpine,  Colorado,  by  the  IVmbina  Mining  and  Milling  Company, 
where  low  grade  »)res  are  l)eing  worke<l  with  the  Ix'st  results  jM»s>ible. 
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P.v  Pi.iNV  Eaijij:  rnA>K,  LL.D. 


A  note  from  E.  Dietze,  C.E.,  calls  attention  to  the  following  fonnula, 
whi<'li  he  thinks  was  publi<|i(d  in  tin-  Lcij/zif/rr  Illmstrirtf  Zeitutu/  in 
the  fall  of  1856. 

n-  =  ]  I     -)  -J    1    ~2l  —  2. 

The  formula  may  bo  easily  constructed,  for 

-  '"^  ^  \   ' "     (  2  )  ^  ^  [  V^'^'  ~"  ^^'^'  ~  -'■  J 
It  gives  /T  =  3141'j02()8!>.'],  the  true  value  l)eing 
3141')92Go39 


Error,       •(HKXHKK)3o4 
This  error  is  only  -f^^  as  great  as  in  the  sixth  approximation  of  my 
note.*     The  construction    is   nnich   easier  and    simpler  than   that   of 
Perkins,  but  it  is  more  ditlicult  than  either  of  my  own. 

*Tlii»  Journal,  .lime,  1880,  p.  4(W». 
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Frozen  Dynamite. — Captain  George  Lel)on  recommends  the  use 
of  an  increased  quantity  of  fulminate  in  dynamite  cartridges,  so  that 
they  can  be  readily  exploded  when  frozen,  thus  obviating  the  necessity 
and  consequent  danger  of  melting  them  in  cold  weather.  He  men- 
tions numerous  experiments,  at  temperatures  of  twenty  degrees  l)elow 
zero  ( — 4°F.),  in  which  charges  were  exploded  without  difficulty  or 
failure. — Ann.  des  Fonts  et  Chauss.  C. 

Wormwood  as  an  Insectifuge. — IM.  Poyrot  having  observed 
that  the  immense  tracts  of  Mormwood,  upon  the  American  plains,  are 
free  from  insects  of  every  description,  is  experimenting  with  the  plant 
as  a  preventive  of  phylloxera.  He  finds  no  difficulty  in  cultivating 
the  wormwood,  and  he  proposes  to  mix  the  stalks  with  manure,  or 
simply  bury  them  in  the  ground  in  the  neighborhood  of  the  vines. 
His  suggestions  have  been  sent  to  the  phylloxera  committee  of  the 
Trench  Academy. — Comptes  Rendus.  C. 

Aluminium  as  a  Voltaic  Element. — Aluminium,  like  iron, 
has  the  remarkable  peculiarity,  when  immersed  in  concentrated  nitric 
acid  and  then  placed  in  contact  with  ordinary  aluminium,  of  exciting 
a  galvanic  current.  It  is  thus  possible  to  construct  a  battery  from  a 
few  elements  of  aluminium  alone,  sufficient  to  decompose  water  and 
to  bring  a  thin  platinum  wire  to  a  brilliant  glow.  The  aluminium  in 
this  arrangement  is  of  course  dissolved.  It  could,  perhaps,  be  recov- 
ered by  the  means  of  zinc. — Liebig's  Annalen.  C. 

Preservation  of  India  Rubber  under  Water.— Great  losses 
are  often  experienced  by  the  users  of  india  rubl^er  tubing,  on  account 
•of  the  brittleness  which  it  often  acquires  in  use.  A  writer  in  Ding- 
ler's  Journal  gives  an  encouraging  account  of  his  success  in  remedy- 
ing the  difficulty  by  laying  the  pipes  in  water  which  is  often  renewed. 
Even  the  thickest  and  stiffest  tubes  remain  soft  and  pliable,  Avithout 
any  perceptible  diminution  of  elasticity,  and  he  has  been  unable  to 
discover  any  trace  of  injurious  change.  For  some  uses  he  soaks  the 
pipes  in  melted  paraffine.  AMien  they  are  kept  in  Avater  they  undergo 
great  changes  of  color,  and  upon  cut  surfaces  they  often  appear  greasy 
and  bleached,  but  all  the  changes  seem  beneficial  rather  than  other- 
Avise.  Thin  rubber  bands,  however,  often  become  so  brittle  that  they 
can  be  easily  rubbed  into  small  pieces  by  the  fingers. — Dingler's 
Journal.  C. 
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Hardening  Stone.  !'»•.  (ieljiin^;,  dJ"  I^mtlshut,  iiav:iria,  has 
invented  an  (MiaiiKliiij;  li)|ui(l  whieh  is  said  to  render  urdinarv  stone* 
and  cfnients  liarder  tiian  granite  and  to  laeilitiite  tlie  imitation  of  mar- 
liles  and  other  vahiahle  niinends.  When  applied  to  metals  he  claims 
that  it  will  he  fonnil  an  excellent  preservative  against  rn.-t. — Lfx 
Maudes.  C 

Regulator  of  Vapor  Pressure.— M.  D'Arsonval  des<ril>es  an 
in-iiimiciit  \viii«h  he  has  te>tc<l  l»y  daily  nse  for  more  than  thr»K-  ve:irs, 
and  which  accomplishes  the  following  pur|M>ses :  1.  To  maintain  the 
pressnre  of  any  given  vajwr  constant  in  a  boiler  whatever  may  Ix-  the 
supply.  2.  To  use  fuel  ordy  in  j)roportion  to  the  ipiantitv  of  vajMtr 
re<jiiired.  3.  To  make  the  action  of  the  instrnment  completely  auto- 
matic and  without  danger  of  explosion. — C'omjjfes  Renihis.  ( '. 

Improved  Electric  Batteries.  Az;ii»i«i  \vx<  mo<Jifie<l  the  Hun- 
sen  cell,  using  a  solution  of  cyaui«le  of  j)otassium,  c:uistic  pota>h. 
chloride  of  sfnlium  or  sal  anuuoniac,  inste:id  of  dilute  sulphuric  acid, 
thus  reducing  the  consumption  of  zinc  and  ellecting  greater  constancv 
of  current.  Woehler  places  a  roll  of  sheet  alumintuu  in  a  roniKl 
glass  vessel  containing  very  dilute  hydrcK-hloric  acid  or  dilute  i-:iu>tic 
soda.  \\  ithin  this  larger  roll  is  place<l  a  porous  i-ell,  containing  mn- 
centrattHl  nitric  acid,  and  a  smaller  roll  of  aluminum,  j-^nh  roll  has 
a  lug  or  pn»intion,  which  is  inserte<l  into  a  cinular  cover  ot'  ebonite 
and  thus  kept  in  \A:ut.  -  1/  luf/en.  f'nir.  ( '. 

Electric  Radiometer.  — I iort in  has  repeate<l  l)efore  tlie  Fivnch 
Physical  Society  the  first  seriis  of  his  exi>eriments  U|M»n  the  eliftric 
radiometer.  When  the  pressure  of  the  air  in  the  nulit»meter  rraches 
l.'iO  mm.  (512  in.)  the  rotation  l)egins,  hut  it  is  untvrtain  ;  at  JH>  mm. 
(3'54  in.)  it  is  de<-ided,  hut  its  direction  is  always  determine*!  hy  s«mie 
defect  of  symmetry  in  the  a|)paratus.  At  .30  mm.  (MS  in.)  it  cejises, 
hut  may  Ix^  pnMlnccd  hy  a  s|>ark  or  warming  one  of  the  tuln's;  it 
acts  as  if  a  wind  blew  from  the  citld  to  the  warm  jk>1c.  At  l-j  nun. 
(•59  in.)  the  el«Htrit'  rotation  occui"s  alone,  ami  is  jwisitive,  lu*;  it"  the 
wind  came  from  the  positive  jxilc.  At  10  nun.  (•3;»  in.)  tlua'  is  no 
rotation.  From  5  nun.  to  2  mm.  clDT  to  oT'J  in.i  the  rotation  is  nega- 
tive. From  2  nun.  to  '2  there  is  no  rotation.  At  1  mm.  {'Om  in.) 
and  less  the  rotation  is  always  negative,  the  negative  tuU'  Iteing  fluo- 
rescent. —  Chron.  Lulustr. 
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New  Roof. — It  is  thought  that  the  new  roof  on  the  cupola  of  St. 
Peter's  Cathedral,  in  Rome,  will  be  finished  in  two  years.  It  was 
begun  seventeen  years  ago.  The  roof  is  divided  into  sixteen  sections, 
each  of  which  requires  one  million  pounds  of  lead. — VIngen. 
Univ.  C. 

Dependence  of  Electric  Conductivity  in  Coal  upon  Tem- 
perature.— J.  Borgmann  claims  some  priority  in  investigations  of 
the  electric  conductivity  of  coal,  and  reports  a  series  of  experiments 
by  which  an  increase  of  conductivity  at  increased  temperature  was 
shown  in  every  instance.  He  found,  also,  that  the  light  rays  produced 
a  greater  effect  than  the  dark  rays. — Ann.  der  Phys.  und  Chim.        C. 

Poteline. — M.  Potel  has  communicated  to  the  French  Societe 
d'Encouragement  a  compound  which  may  be  employed  in  hermeti- 
cally sealing  bottles  and  flasks,  or  in  making  an  artificial  marble  for 
the  ready  manufacture  of  various  useful  and  ornamental  articles.  It 
is  composed  of  gelatine,  glycerine  and  tannin ;  sulphate  of  baryta  or 
zinc  white  may  be  added  to  make  it  opaque,  and  it  may  be  dyed  of 
any  desirable  tint  by  means  of  ordinary  vegetable  colors. — Chron. 
Industr.  C. 

Remedy  for  London  Smoke. — W.  D.  Scott-Moncrielf  proposes 
to  extract  one-third  of  the  gas  from  the  coal  before  it  is  used  in  Lon- 
don fires.  This  would  require  that  three  times  the  quantity  should  be 
passed  through  the  retorts,  but  the  advantages  would  be  very  great. 
The  companies  would  double  the  quantity  of  by-product,  in  the  shape 
of  tar  and  ammoniacal  liquids ;  the  community  would  have  24-candle 
gas  instead  of  16-candle  gas;  the  fuel  resulting  from  the  process 
would  light  readily,  and  it  would  make  a  cheerful  fire,  giving  out  20 
per  cent,  more  heat  than  common  coal ;  and  London  would  become  a 
smokeless  city.  The  smokeless  fuel,  which  results  from  an  extraction 
of  3333  cubic  feet  of  gas  per  ton,  has  a  heating  capacity  fully  20  per 
cent,  greater  than  common  coal,  and  10  per  cent,  greater  than  coke. 
He  calculates  that  there  will  be  an  annual  balance  in  favor  of  his 
scheme  of  £2,125,000.  This  may  be  taken  as  the  yearly  value  of 
London  smoke,  which  is  now  wasted,  but  which  he  proposes  to  con- 
vert into  useful  products  by  the  plant  that  is  now  in  use. — L^Ingen. 
Univ.  C. 
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Satellite  Geology. — in  prt'Si-miu^r  tlie  Annuul  of  the  Jiureau  of 
I^ioii^itiiclcs,  M.  Viivv.  (leHfrilxjil,  im  usuul,  the  iinprovenieiit-^  whirli 
have  l)een  intn)<hice<I  into  tlie  volume.  The  one  which  will  |>rolnil)ly 
attract  the  most  general  attention  for  iK  novelty  is  a  notice  l»y  M, 
I'ayc  himself  upon  the  compar.itive  geology  of  the  Mo<»n  an<l  the 
Kartli,  with  illustrative  plates. —  Comptes  Jieiidus.  C 

American   Vines   in   Europe.       In  a  r(|)ort   Mp««M   Vimont'- 

nieiiHiir  on  the  phvlloxera,  M.  Ziimlel  spe;iks  highlv  ot"  the  succer.s 
which  has  attended  the  intnMliictiuii  of  American  vine>.  The  etVectual 
resisUuice  of  certiiin  varieties  to  in.s<.'i-t  attiU'k.s  has  Ix-en  thuinughly 
<'stal>Iishe<]  when  they  are  placjij  in  suitable  soils.  S>me  of  the  vines 
produce  go<Ml  wines,  of  tine  color  and  rich  in  alcohol  from  their  own 
native  fruit.  The  French  varieties,  .such  as  tlie  Aramt>n  and  Chits^e- 
lits,  yield  al)un<lantly  wImu  gniftnl  upon  Americ:ui  st<K'ks,  and  the 
quality  of  the  grape  is  not  injured  in  any  way  hy  the  grafting.  Bnf/. 
dr  f(t  Soc.  di'  MidJiotiKi'.  ( '. 

Electric  Expansion. — <  J.  (Quincke  give.s  a  summary  of  the  ..l.~.  r- 
vatiiiM>  which  have  Keen  made  u|k)Ii  the  expansion  of'  Ix-vden  jars  and 
othei'  glas.s  vt's.<els,  under  the  influence  of  eh-i'tricitv,  from  the  dav-  ot" 
Fontana  to  the  present  time.  He  h:ts  conununicated  to  the  IJerlin 
Acadenjy  the  results  of  .some  of  iii.s  own  investig:itions,  in  which  he 
considei*s  the  vari<»us  inHuences  of  jXKsitive  and  negative  ele<'tricitv. 
the  resistance  of  the  discharger,  the  intensity  of  the  elet-tric  current  in 
the  gla.s.s,  the  thickness  and  conditi(»n  of  the  wall  of  the  thermometer 
bull),  the  fluid  in  the  thermometer,  the  chtsticity  of  the  ghtss,  and 
various  other  mo(lifying  circumstiinrvs. —  Wi edema nu'tf  Annaleu.      C 

Zincography. - M.  Thonr«KNj,  a  Paris  lithograj)her,  has  Uh-u  very 
succe>>lul  ill  -iilistituting  zinc  for  lithographic  >toH(w.  l\y  u-in<;  .'yKK) 
zinc  niatritM}s,  worth  .3.S,0(M1  inuies  (?77()()),  he  has  avoidixl  an  ex|H'n- 
<liture  of  '2")(),«)<H»  fnin«-s  (.SoO.tMM))  for  stom-s,  l>esid«-s  ci>n-ider:d»lc 
.saving  in  the  cost  of"  han«lling  and  manipulating.  He  has  pul»li>hed 
ill  this  way  more  than  350,(X)0  copies  for  .some  of  the  le:uling  Fren«h 
iMlitors,  the  Folytethiiic  School,  the  l>ep:irtment  of  liritlges  and  Hiirh- 
ways,  the  Mini.stry  of  Public  Works  and  ditK>rent  nuuncipalitit'>.  F>;ich 
plate  is  good  for  4t>,(H)<>  imprt^sions,  and  the  change  seems  dt>siral)le 
in  all  cttses  where  large  edition'^  are  to  Im-  workeil  (»t!"  within  a  brief 
peritnl.  —  liuif.  de  la  Sac.  d' K)ii'oiir.  C. 
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Brest  Diving-Bell. — H.  Hersent  describes  a  diving-bell  which 
was  employed  by  himself  and  M.  Castor  for  removing  the  rocks  in 
the  harbor  of  Brest.  The  rocks  were  hard  and  massive,  consisting  of 
schists  mixed  with  quartz,  granite,  etc.,  and  the  work  was  accom- 
plished safely,  rapidly  and  with  great  economy.  The  bell  is  so 
arranged  as  to  be  easily  used  for  all  kinds  of  submarine  work. — 3Iem. 
de  la  Soc.  des  Ingen.  Civ.  C. 

Smoke  and  Steam  under  the  Microscope. — L.  J.  Bodas- 
zewsky  calls  attention  to  the  rapid  oscillatory  movements  which  are  dis- 
closed by  the  microscope  in  the  smoke  of  burning  paper,  wood,  cigars, 
etc.,  when  concentrated  sun  or  electric  light  is  thrown  upon  them 
through  a  lens.  The  particles  are  of  a  spherical  form,  and  they  are 
continually  darting  against  each  other,  so  as  to  represent  very  strik- 
ingly the  motion  of  gas  molecules  according  to  the  kinetic  theory. 
Similar  movements  are  observed  in  the  vapors  of  nitric,  sulphuric  and 
phosphoric  acids,  sulphur,  ammonia,  etc.,  when  examined  under  the 
microscope  by  the  light  of  a  glowing  platinum  wire. — Dine/lev's 
Journal.  C. 

Removal  of  a  Furnace  "Bear."— A  furnace  near  Vienna, 
which  has  been  out  of  blast  for  four  years,  was  obstructed  by  "  bear,'^ 
or  "  sow,"  that  is,  a  mass  of  slag  and  iron,  which  resisted  all  attempts 
at  removal  by  breaking  or  wedging.  The  mass  consisted  of  two  cyl- 
inders, the  lower  one  from  16  in.  to  80  in.  high  and  13  ft.  4  in.  in 
diameter,  and  the  upper  one  between  8  ft.  and  9  ft.  in  both  dimen- 
sions. The  latter  was  a  mixture  of  slag  and  iron,  while  the  former 
consisted  of  nearly  pure  metal.  Six  holes  were  bored  in  the  junction 
of  the  cylinders  to  an  average  depth  of  32  in.  They  Avere  loaded 
with  gelatine  dynamite  and  fired  by  electricity.  By  using  27  charges, 
amounting  in  all  to  7'7  lbs.  of  dynamite,  the  two  masses  were  sepa- 
tated.  To  divide  the  lower  mass,  19  bore  holes  were  used,  employing 
in  all  89  charges  and  20  lbs.  of  dynamite.  The  division  of  the 
larger  fragments  required  22  lbs.  of  dynamite,  32  detonators  and  four 
coils  of  safety  fuse.  About  67^  tons  of  good  metal  were  recovered, 
at  a  total  cost  of  £30.  The  shaking  of  the  furnace  luasonry  by  the 
explosions  was  very  slight,  and  no  sensible  damage  was  produced. — 
IJIngen.  Univ.  C. 
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Vanadium  Ink.  —  Berzelius  foun<l  tliat  \)\  trwiting  iui  infu-i<»u  of 
j^jills  In-  a  solution  ol"  vaniulatc  of  aimiioiiia,  in  place  ot"  Milphate  of 
iron,  lie  could  j>nKln<-<;  an  ink  of  remarkably  ^cmmI  (juaiity.  At  the 
time  of  liis  (lis<overy,  in  iH.'il,  it  \v:ls  of  no  j»ra«*tic:il  interest,  KeejiUftC 
I  In  vanadate?!  were  very  costly.  At  the  |»re.>ent  time  tlieir  c<j>t  lia-s 
l>een  .so  much  reduced  that  his  recijK'  can  l)e  em]»loyc<|  for  ordinary 
inks,  which  have  the  additional  advantage  of  presoiiting  jl^rejit  n>ist- 
ancc  to  most  reap'Ut.s  and  destructive  materials.  Gum  anihic  (tin  In* 
<li.s|)en.sed  with,  and  the  chainc  of' moulding  or  alteration  thus  n'<lu«-»'<l. 

Chrnn.  Industr.  ( '. 

Absorption  Spectrum  of  Ozone.— •!.  Chapjaiis  ha>  continu«'«l 

his  ex|>riiiiit  nt>  ii|H>n  o/one,  and  fnuls  tliat  the  absorption  s|)e<"trum 
of  oxygen,  which  ha.s  heen  ozonized  by  electricity,  presents  eleven 
obs<-ure  bands  in  the  part  of  the  s|H'ctrunj  which  is  ordinarily  visible. 
( )ne  of  the  bands  is  in  the  orange,  and  rorresponds  with  the  telluric 
i»ands  which  Angstn'tm  noticed  and  attributed  to  something  else  than 
water  vapor.  Two  (»f  the  other  bands  of  Angstrom  aj)|K':ir  also  to  U- 
due  to  ozone.  The  relative  stability  t)f  ozone  at  low  tempiraturc  and 
low  j)re.ssure,  and  its  continual  pro<hicti<»n  by  electric  dis<-harges,  make 
it  an  im]K>rtant  element  in  the  upper  region.s  of  the  atmosphere ;  it.s 
blue  color  nuist  therefore  undoubtetUy  play  an  important  part  in  the 
coloration  of  the  <kv. —  ('ainptrs  linuhix.  ( '. 

Variations  of  Luminous  Sensibility.  —  A.  chariK'ntior  has 
e.xperimenteil  with  a  numlnT  of  .small  diaphragms  in  onh-r  to  cut  off 
the  light  from  his  lanterns  and  phkUkv  imag«'s  ujK»n  the  n'tina  having 
diameters  varying  between  one-si.xteenth  of  a  millimetre  and  a  milli- 
metre (, J,,  in.  and  O-'Ul  in.).  As  long  as  the  <liameter  of  the  obj«-<-t 
was  superior  to  twti  millimetifs  and  the  image  on  the  retina  w:is 
greater  than  '\li\  nun.  (MM)?  in.)  no  change  was  noticetl  in  the  degrei^ 
of  light  recpiired  ;  but  l)olow  thesi'  limits  he  invariably  foun<l.  for  six 
tlillerent  surfat'cs,  that  the  intensity  of  Hglit  n^juire*!  varie<l  inversely 
a>  the  luminous  surface,  so  that  the  protluct  of  light  by  surface  was 
nearly  constant.  'Phes«'  experiment.s  have  already  suggest«"<l  to  the 
investigjitor  nunurous  intei"esting  questions  in  repinl  to  the  n»mpara- 
tive  sensitivenes>  of  diHen-nt  portions  of  the  retina  and  the  numlN-r  of 
optic;il  cones  that  are  re<|uinHl  in  ortler  to  piiHlu*"*-  the  •^•nsjition  of 
light.  —  Compti'tt  Rvtuhd*.  < '. 

WiKii.E  No.  Vol..  CXI. — CrniRi)  Skriks,  Vol.  Ixxxi.)  i") 
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Length  of  Jupiter's  Day. — The  Emperor  of  Brazil  has  trans- 
mitted to  the  French  Academy  a  note  of  M.  Crul's  upon  the  time  of 
Jupiter's  rotation.  The  sharpness  of  outline  and  the  bright  color  of 
the  brown  spot  which  has  been  so  long  visible  enabled  him  to  deduce 
from  nearly  1100  rotations  a  period  of  9  h.  55  m.  36  s. — Comptes 
Reiidus.  C. 

Optical  Telegraphy. — A.  Crova  describes  an  apparatus  for  send- 
ing light  signals,  which  he  invented  in  conjunction  with  Le  Verrier, 
in  1870,  and  which  he  regards  as  substantially  identical  with  Merca- 
dier's,  the  principal  difference  being  that  he  used  oil  instead  of  petro- 
leum. The  signals  were  visible  in  broad  daylight,  and  when  the  sky 
was  somewhat  clouded  correspondence  could  be  carried  on  by  day  as 
w^ell  as  by  night.  He  found  it  necessary  to  employ  oxygen  under  a 
feeble  pressure,  and  to  have  the  manipulating  key  armed  with  a  strong 
string,  so  that  it  could  be  suddenly  opened  and  closed.  Without  this 
precaution  the  signal  would  overlap  and  produce  confusion. — Comptes 
Rendus.  C 
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A  Physical  Treatise  ox  Electricity  and  Macjnetism.  By 
J.  E.  H.  Gordon,  B.  A.  Camb.,  Assistant  Secretary  of  the  British 
Association.     2  vols.,  8vo.     New  York:  D.  Appleton  &  Co.    1880. 

The  object  of  the  work,  as  stated  by  the  author,  is  to  give  a  com- 
plete account  of  certain  portions  of  electrical  science,  viewed,  almost 
entirely,  from  a  physical  rather  than  a  mathematical  standpoint.  To 
carry  out  this  idea  no  mathematical  considerations  have  been  intro- 
duced into  the  body  of  the  text  that  recpiire,  on  the  j^art  of  the  reader, 
a  more  extended  knowledge  than  algebra  as  far  as  simple  equations. 
In  all  cases  where  a  thorough  understanding  of  the  subject  requires 
the  aid  of  higher  mathematics,  explanations  are  either  entirely  omitted, 
or  are  introduced  as  foot  notes  or  appendices. 

The  work  is  divided  into  four  parts.  Part  I,  141  pp.,  treats  of 
Electro-Statics;  Part  II,  56  pp.,  of  Magnetism;  Part  III,  323  pp.,  of 
Electro-Kinetics,  and  Part  lY,  the  remainder  of  the  work,  of  Electro- 
Optics. 

In  Part  I  we  find,  after  the  usual  preliminary  statements  regarding 
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the  iH'oiMTtit-s  of  ail  clci-tritij-il  ImmIv,  a  .-"liort  a«-«-oiiiit  of  cki-trit-al 
inacliiiics,  an  cxplaiiatiuii  of  clfH-tric  f«*n-c  aixl  |M>tcntial,  aixl  a  full 
•  {••hXTiption  of  <'l<'<'tr«»iiU't<T>>,  follow<*(l  iiy  the  theon*  (»f  aliHtliitr  iihu*- 
iiniiH'iit^.  Ihv  \n\\iiuiv  of  l*art  I,  coinpri.-iiitr  al)out  two-tliinl*  of  tli<- 
u  liol*',  i.s  (icvot<'<l  to  tin*  ••oii.-i<l«'i":itioii  of"  tin-  «U'l«Tiiiiiiatioii  ot'  .«.|M'«'iti<- 
iii(lii)-tiv<-  caiiMfiiN. 

Part  1 1  <li>«u>M'>  tin-  in-ojM-rtio  of  ma;:ii«'t.»;  <x|ilaiij.»  fully  tin-  action 
of  tcrn^trial  nja^u«ti>ni  on  the  n«xiil(',  tft-aL-  of  the  vaiiation-->  of  th«- 
newlk*;  ^ives  full  ih-r^riptions  of  tiu*  iiujest  rt't-ent  niftlnKl.*.  for  tein-?- 
trial  inaj;nctic  ol>st'rvat ions,  and  <'oncIu(l«'s  with  j^cnr-nil  ol»4-rvation>  on 
terrestrial  maf;n«'tisin. 

Part  111  (lest-rilK's  hrietly  thr  variou>  lorni>  of  voltai*-  l>atteri<- : 
di.st'usses  the  a<'tions  ot'  eiirrtnt.""  on  magnet.-  an«l  on  other  current-, 
ami  defines  the  eln-tro-niairiietie  iniit>  It  alx*  ^iv«>  full  d«x"ri|>ti«'n- 
<»f  the  nietlxHls  eniploved  for  ineiLsurin^  eh-i-trie  r<>i>tan«-«' ;  di>4ii-.-<-- 
<'leetro-nia<rnetisni ;  l»arely  mention^  the  telephone  and  MutrlH^'  induc- 
tion l»alan«v;  ^^ivi-s  a  full  ae<'«nnit  ot"  the  Hriti>h  A.ss<M-iation  unit  ot" 
resistance,  and  coneludo,  in  \'<»l.  I,  with  d«-S4ription-  ot"  the  induceil 
ctirrents  e:iuse<l  l»y  niakiu;!  and  hreakinjr  the  ein-uit. 

In  \'«>i.  II.  I'.irt  III  discu-ssfM-s  <lia-njairneti>ni ;  the  induction  coil 
mihI  it.-  dixharjre;  the  >tria'  ol>s<'rve«l  in  partial  vacua.  \'erv  tull 
<le.H'ri|>tion>  are  «riven  ot  S|M»ttisw«MM|e  an«l  Moulton's  nx-jireho  on  the 
.sensitive  state  ot"  discharp^-  throu;:li  niriti«il  jrisis,  tojfether  with  a  h  — 
extende<l  description  ot"  ("r<Mike's  inve>ti«r.«tion  of  ele<-trie:d  dix-hari^t-- 
in  hi^h  va<'ua.  Kle<-tro|ysis  is  allote«l  hut  eii;ht  jmire?*,  and  a  Uue  men- 
tion made  ot"  magnet o-i'lin-tri*'  and  elwtro-majrnetie  enirin«'s  and  the 
oleetrie  li^ht.  I*art  1 1 1  then  conehuUs  with  a  di.s<-ussion  of  thermo-ehi- 
trieity,  ehn-trieity  ot"  contact  and  ele<"tnHnia«rnetic  units. 

Part  I  \'  ^ives  full  d»-s<-riptions  of  the  intluence  of  mairneti-;m  in 
rotatMit:  the  plant'  of  |M>lari/:ition  of  lijrht,  ami  tli.s4-u.sM's  the  relation- 
Ixtween  >tatic:d  ehitricity  an«l  |M»larize«l  liirht.  The  final  chapter  <;ivc- 
a  description  of  Clerk  Maxwell's  eh'<-ti'o-majrneti<'  thmrv  of  lij;ht. 

In  some  re>|M'«'ts.  the  Lnik  forms  a  valuahle  i't^ntrihution  to  eh^-tri- 
csd  liten\ture.  This  is  esiMtially  the  c:l<4'  with  ("haps.  VII  and  IX. 
\'ol.  I,  which  treat  of  i-httronieters.  Heiv  wj-  finil  a  fair  ciunpilation 
which  j;iv<s  an  a«iurate  (h'stription  of  the  various  |t:itterns  <»f  eh«itn>- 
meters  as  now  nuule  an«l  umh|.  These  dtxriptions  an*  terse  and  th-ar. 
;uid   are  illu<tr.it«Hl   hy  umisually  fine  wood  cut-.      The  chapter  on  the 
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theory  of  absolute  nieasurenieut  is  excellent,  ami  cannot  fail  to  be  of 
great  value  to  the  general  student.  Specific  inductive  capacity  is  ably 
and  fully  discussed,  and  the  description  of  galvanometers  is  excellent. 
Many  of  the  topics  discussed  in  Vol.  II  are  well  handled. 

There  is,  however,  an  unfortunate  absence  of  logical  connection 
between  many  of  the  different  parts  of  the  book  that  unpleasantly 
suggest  to  the  reader  a  want  of  completeness,  a  lack  of  unity  of  plan. 
It  would  seem  as  though  much  of  the  compiled  part  of  the  book  had 
either  been  hurriedly  thrown  together,  or  thoughtlessly  selected  from 
materials  within  easy  access ;  while  in  many  cases  the  written  por- 
tions appear  to  have  been  prepared  inconsecutively.  The  author,  too, 
has  given  undue  prominence  to  certain  topics,  and  suppressed  others 
connected  therewith,  in  an  exceedingly  arbitrary  manner.  As  an 
instance,  we  find  that  while  the  comparatively  unimportant  subject  of 
the  sensitive  state  of  discharges  through  rarefied  gases  is  assigned  some 
24  pages,  the  exceedingly  important  subject  of  electric  motors,  dynamo- 
electric  machines  and  electric  lighting  is  summarily  dismissed  after  but 
9  pages. 

It  is  to  be  regretted  that,  in  so  extended  a  work  on  electricity,  the 
author's  teachings  should  be  so  weak  as  to  the  nature  of  the  electrical 
force.  At  the  very  outset  of  the  work,  in  the  first  paragraph,  we  meet 
the  mysterious  statement  that  "  We  have  no  conception  of  electricity 
apart  from  the  electrified  body ;  we  have  no  experience  of  its  inde- 
])endent  existence,"  a  statement  which,  of  course,  is  true  of  any  phase 
of  energy.  Then  again,  on  pages  14  and  15  we  read,  "For  purposes 
of  calculation  electricity  of  either  kind  may  be  treated  precisely  as  if  it 
was  a  material  incompressible  fluid,"  and,  "  For  purposes  of  calculation^ 
any  increase  or  decrease  of  electrification  may  be  considered  to  be  pro- 
duced by  the  addition  or  by  the  taking  away  of  a  quantity  of  some- 
thing (which  we  call  electricity)."  How  much  better  it  would  be  for 
the  mind  of  the  reader,  which  is  assumed  to  be  but  little  trained  to 
mathematical  conceptions,  if  the  author  stated  plainly  that  the  thing 
added  or  subtracted  was  energy.  The  absence  of  such  a  statement  is 
all  the  more  marked,  since  on  page  24,  Vol.  I,  we  are  given  the  value 
of  the  unit  of  electromotive  force,  the  volt,  in  absolute  units  of  poten- 
tial; while  in  the  closing  jjaragraph  of  the  book,  page  276,  Vol.  II, 
we  read  as  a  conclusion  drawn  from  a  brief  consideration  of  Max- 
well's  "Electro-Magnetic  Theory  of  Light,"  as  follows,  viz.:  "The 
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iMiiiiiToiis  direct  r(lati(tii>  wliidi  cxi.-^t  U-twtni  lij;lit  ami  »-W«-tricity 
l«av<'  IIS  but  littl*'  (loul)t  tliat  they  are  veiy  <*losely  relat*-*!,  ami  that 
tlieir  effects  are  Itut  two  f'onii>  «»f  that  eoniiiKtn  enerjfv  \vh«»p«e  nature  is 
imkiiown,  l>iit  whicli  <'ertaiiilv  underlies  all  physical  phenomena." 

The  |>ul)lishers  are  t<»  In-  coiiipliiiieiiteil  on  the  exceijeiii  char.ictcr  nt 
the  imiiiercMi-.  wood  (III-.  \\  (•  retjict  that  we  cannot  etpiallv  cmnpli- 
nieiit  them  (»n  the  tvpojxraphy,  since,  throii«rhoiit  lM»th  volnine>,  wrouy 
fonts  and  i»roj<en  letters  are  of  verv  emninon  occnrreiice.        K.  .1.  H. 


J(»l  K  LKCTlKhS  ON  Klf:<TU«KSTATIC  I.M>I(T1«>\.  \i\  .1.  K.  11. 
(rordon,  J>.A.,  Asrtistiint  Secretary  of  the  Briti.sh  Asstx-iation,  .Svt». 
.\e\v  York:    D.  \'aii  Nostiaiid.      iXSl. 

These    lectures    were   deli\erevl    at    the    Koyal    Institution  oi   t  treat 
liritain,  in  danuary  and  J'^ehruary,  1879. 

After  explaining  the  p:eneral  nature  <jf  induction,  and  pointiiijr  out 
the  difference  between  it  and  conduction,  the  author  disiusses  the 
general  aetion  of  the  Jjcydeii  jar,  and  gives  a  brief  a<vount  of  the 
theory  of  latend  pressure  aeeoinpanying  the  state  of  strain  pro- 
<liice<l  by  induction.  The  variations  in  the  s|)ecific  inductive  ai|)a- 
<ities  «»f  «liflerent  substances  are  then  e.xplained,  and  some  ae<'ount 
given  of  the  earliiT,  jus  also  of  the  more  reeent  determinations  of  s|r*- 
<Mric  inductive  capacity.  The  htst  lei-ture  i-ontains,  among  other  sub- 
jects, a  discussion  of  Clerk  Maxwell's  ehs'tro-magiietie  the«uv  of  lii^ht. 
'i'he  topical  arrangement  is  g<»o<l,  and  the  subject  matter  is,  on  the 
whole,  well  handle<l,  but  the  work  shows  either  undue  haste,  or  else  a 
Jiick  of  juilgment  in  the  matter  of  expression.  Instances  of  the  latter 
KM'cur  in  p;i.>*s;iges  like  the  following,  viz.:  "The  glass  or  sealing-wax. 
4ifter  being  rubbeil,  is  found  to  be  in  the  state  calle<l  " t'ifcirifiraflon.'" 
Also,  '*  For  every  bit  of  jwsitive  electricity  we  |)r«Hluee  an  exactiv  e«jual 
<|uantity  of  negative." 

rill'  author  leaves  his  rea<ler  in  too  much  doubt  a>  to  the  nature  m1 
electricity.  Instead  of  reg-arding  it,  :us  is  now  almost  universjdlv  done. 
as  a  plut'ie  of  energy,  and  cle:irly  j)ointing  out  how  every  other  varietv 
of  energy  am  readily  be  convertetl  into  eli-ctric  energy,  we  find  such 
ambiguous  teachings  as  the.se,  viz.:  "We  do  not  know  whether  the 
l)roperties  of  an  elei'trifiinl  Inxly  are  cjiusetl  by  one  «»r  two  ele<'tri«* 
fluids  entering  or  leaving  it.  :is  water  into  a  s|>onge:  or  bv  a  motion  of 
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its  molecules,  as  when  a  body  is  heated ;  or  by  a  strain  or  twist  of  its 
structure,  as  when  steel  is  magnetized."  *  *  *  "Vie  have  no 
experience  of  its  independent  existence." 

Later  in  the  book  we  iind  the  following  remarkable  ideas  advanced,, 
viz. :  "  We  cannot  make  or  destroy  electricity — "  *  *  *  a  ^yi^gu 
we  rubbed  glass,  we  produced  positive  electricity  on  its  surface.  Was 
not  that  a  creation  of  electricity?  No;  for  an  exactly  equal  quantity 
of  negative  electricity  was  produced  in  the  rubber."  Here  the  author 
is  decidedly  at  fault;  w^e  can  both  make  and  destroy  electricity;  that 
is,  we  can  convert  every  variety  of  energy  into  other  forms  of  energy ;. 
and  so  also  we  can  convert  electrical  energy  into  other  forms  of  energy. 
The  argument  used  by  the  author  to  prove  his  assertion,  that  electri- 
city was  not  created,  because  an  equal  amount  of  opposite  electricity 
was  produced,  leads  us  to  infer  that  he  has  the  fluid  hypothesis  iu 
mind  when  using  the  illustration.  His  idea  appears  to  be  that  nothing- 
has  been  created;  the  positive  and  negative  fluids  existed  previously; 
the  mechanical  action  of  rubbing  has  simply  separated  the  two  fluids; 
therefore  there  has  been  no  creation,  but  merely  a  separation. 

He  also  makes  the  following  remarkable  a.ssertion,  "  If  this  were 
possible  (the  production  of  a  single  kind  of  electricity  without  the  pro- 
duction of  its  opposite  kind,  which  of  course  is  impossible),  we  might 
actually  increase  the  quantity  of  electricity  in  the  world.  Experiment 
shows  us  that  we  cannot  do  this."  Here  again  the  meaning  is  ambig- 
uous. If  electricity  be  a  species  or  phase  of  energy,  he  Ls'  at  fault,, 
since  nearly  all  the  energy  in  the  universe  might  be  converted  into 
electrical  energy,  in  wdiich  case  the  quantity  of  electricity  in  the  world 
would  be  largely  increased.  If,  however,  he  regards  electricity  as  a 
kind  of  matter,  and  here  we  see  indications  of  a  lingering  belief  in  a 
fluid  hypothesis,  he  is  right :  since  of  course  w'e  can  neither  increase 
nor  decrease  the  quantity  of  matter  in  the  universe.  Does  the  author 
believe  that  electricity  is  a  kind  of  matter?  E.  J.  H. 


A  Text  Book  of  Elementary  Mechanics  for  the  use  of  College."^ 
and  Schools.  By  Edward  S.  Dana,  Assistant  Professor  of  Natural 
Philosophy  in  Yale  College.  12mo.  New  York:  John  Wilev  & 
Sons.     1881. 

"  For  we  have  done  those  things  which  we  ought  not  to  have  done^ 
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and  we  liave  Iclt  unduiie  tliose  things  which  wc  oughi  to  liuve  ihtne," 
applies  to  many  tilings  other  than  our  moral  transgres-sions. 

Certainly,  if  an  elementary  mechanics  .should  have  any  one  virtue, 
that  virtue  should  he  clearness  of  conception  and  accunicy  of  exprosion. 

Glancing  through  th<'  hook,  on  page  'I'l^^  wf  find  the  following 
statement:  "A  toothed  wheel  is  a  circular  disc  provide<l  with  t<'«tli  <»n 
the  circunif«'rence;  such  a  wIkmI,  turning  on  one  a.\is,  intcrl(K-l<>  with 
a  .second,  turning  on  another  a.\is,  and  in  this  way  the  Jora-  appli^l  at 
the  first  is  eoramunicHted  to  the  second.  There  may  l>e  a  mechanical 
advantac/e  with  a  corresponding  loss  of  s|)eed,  or  a  gain  of  vehK-ity 
and  a  con.scfjucnt  mcctianical  tliMulvanlmfe.^^ 

\V(HiId  it  not  have  been  much  clearer  to  have  slid  the  icork  aj>plie<l 
at  the  first  is  coniniunicated  to  the  .second  there  may  be  a  ynin  in  force 
with  a  corresponding  loss  t»f  speeil,  or  a  g;iin  in  vehnity  and  a  conse- 
quent h>H8  in  force. 

"A  mechanicid  advantage"  may  be  gainetl  from  a  given  (juantity 
of  work  in  either  direction ;  that  is,  you  may  gain  greater  spee<l  or 
greater  force  at  will,  and  a  lo.ss  in  force  may  prove  anything  but  a 
mechanical  disjidvantage  in  many  cases. 

The  use  of  the  w(»rd  "power"  (see  page  222)  in  the  sense  of  force 
is  also  c<»nfusing.  The  power  of  a  machine  is  the  number  of  font- 
pounds  of  work  it  will  do  in  the  unit  of  time  taken.  Prof.  Dana  is 
not  alone  in  this  erroneous  use  of  language,  but  takes  this  wonl 
from  others,  who  make  far  greater  pretensions  as  mechanicians  than 
he  does  in  his  modest  preface. 

Although  we  have  four  chapters  on  dynamics  or  kinetii->.  it  is 
impossible  to  find  in  them  any  reference  to  the  moment  of  inertia,  or 
to  the  radius  of  gyration.  There  is  the  trouble  with  many  af  our 
elementary  nurhanics:  the  stuthnts  read  theiu,  and  it  is  true,  t«K>,  that 
the  great  majority  forget  what  thev  have  read  as  rapitliv  a>  |»os^il)le 
afterward;  but  they  have  al.-^o  gaineil  the  false  impn'.ssion  that  they 
at  least  know  the  names  of  the  finulamental  conceptions  of  niechanii's. 

All  who  have  in  after  life  been  obliged  to  work  beyond  the  elements 
of  any  science  know  how  very  hanl  it  is  to  get  ritl  of  youthful  impres- 
sions and  modes  of  thinking;  it  is,  like  sptivh,  almost  an  in(H>rrigiblc 
fault  if  actpiircil  from  an  incorrect  nuHlel. 

Quoting  from  the  prefacr,  "The  study  of  elementary  mechanics  is 
one  of  very  great  value  in  a  «'oui><e  t>f  liberal  ciluration ;"  but  it  ha«l 
a  great  deal  better  be  left  out  altogether  than  U-  wion>:ly  taught. 
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In  many  cases  it  can  at  once  be  perceived  that  the  MTiter  has  used  a 
work  on  elementary  mechanics  as  a  thread  on  which  to  string  hund- 
reds of  ingenious  and  elegant  but  utterly  useless  mathematical  problems 
— useless  to  the  mechanic  we  mean,  not  to  the  mathematician. 

The  amount  of  mathematics  which  can  be  used  in  an  elementary 
mechanics,  adapted  to  the  capacity  of  the  average  collegian,  is  extremely 
small,  and  they  must,  too,  be  of  the  simplest  kind.  Why  do  not  our 
writers  endeavor  to  give,  in  intelligible  language,  a  clear  conception 
of  what  the  fundamental  ideas  of  mechanics  are?  Those  who  take  an 
interest  in  the  study  will  naturally  have  more  than  the  average  of 
mathematical  acquirements  in  after  life,  and  will  be  in  a  position  to 
start  from  clearly  defined  ideas  and  thoroughly  understood  premises. 

We  are  told  that  "  momentum  is  equal  to  the  product  of  the  mass 
and  velocity,"  and,  in  other  words,  that  "the  moment  of  inertia  is 
equal  to  the  mass  multiplied  by  the  square  of  the  radius  of  gyration." 
What  more  do  these  statements  convey  to  the  mind  of  the  student  than 
the  statement  that  two  times  two  is  four?  Why  not  say  that  the 
momentum  is  equivalent  to  that  constant  force  which,  acting  for  one 
second,  will  bring  the  moving  body  to  rest,  and  that  the  moment  of 
inertia  is  equivalent  to  the  statical  moment  of  the  sum  of  the  momen- 
tums  of  all  the  particles  of  a  revolving  body?  We  then  have  at  least 
some  grasp  of  the  subject. 

We  regret  also  to  see  that  the  part  devoted  to  machines  has  been 
divided  up  into  seven  parts,  each  devoted  to  one  of  the  so-called 
elementary  machines.  The  lever,  the  cord  and  the  inclined  plane 
would  have  been  all  sufficient  and  covered  every  case.  For  instance, 
the  screw  is  but  a  modification  of  the  inclined  plane,  and  although  six 
pages  are  devoted  to  its  consideration,  we  are  nowhere  informed  of 
what  is  known  to  every  machinist,  that  square-threaded  screws  must 
be  used  when  the  screw  is  intended  to  impart  motion  to  its  nut,  and 
that  V-threaded  scj-ews  are  used  for  the  purpose  of  clam})ing  two 
bodies  together. 

The  reviewer  does  not  wish  to  give  the  impression  that  Prof.  Dana's 
little  work  is  any  more  in  error  than  the  books  from  which  he  has 
compiled  his  manual,  but  has  seized  this  opportunity  to  enter  a  protest 
against  the  writing  of  works  which  mislead  by  inaccurate  language 
and  by  causing  the  student  to  believe  that  he  has  at  least  had  a  glimpse 
of  the  whole  field  of  mechanics.  W.  D.  M. 
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IXTEUMEDIATK    Lf/^SONS  IN   XaTITRAI.    I^IH.OSOPHV.       \\\    K«l\vili  .1 . 

Houston,  A.M.,  Prol'cssor  of  Pliysical  <ieoj:;ra|)liy  and  Natural 
l'liil()so|»liv,  (Viiiial  Hiixli  S(lio<»l  of  l*liila<lelj»liia,  I'tf.  IJino. 
I'liil:i(l(l|.l"iia:    Kldn-d^r,.  ^^-  Urutli.-r.      ISHI. 

Tlii.s  volume  i.>  llit-  latest  addition  to  the  very  useful  series  of  this 
uuthor'.s  school  Ijooks.  As  uniioun(*ed  in  the  preface,  it  is  intend».*d  to 
fdl  the  ^aj)  hetwecn  his  "  Kasy  I^essons  in  Natural  l*hilosoj)hy  "  and 
Jiis 'M^Ienients  of  Natural  I*hilosoj)hy."  I'rof.  Houston'-"  lon;^  exi>e- 
rieuce  sts  a  toaclier  .stands  him  in  ^o(kI  ste-ad  as  an  author.  He  ha.s  m* 
^liflieulty  in  plaein;^  himself  <-n  rdjfport  with  his  pupil-.  He  aj>pre- 
<'iates  their  ditlicidties  and  anticipates  them.  The  work  here  noticed 
i.s  characterized  by  the  sjinie  clearnes.s  of  expionutions  that  we  have 
had  oecjLsi on  to  praise  in  notiein<;  the  author's  earlier  volumes;  hut 
while  the  text  of  Ids  l)o(>k  is  lueid  and  a(hipte4l  for  the  eom|)renension 
of  j)artly  advanced  stu(h'nts,  it  is  at  the  sjinie  time  stri<tly  aeeurate. 

The  l»ook  i.s  liJK'rally  illustnite<l,  many  ot'  the  engravings  U-ing  new 
to  works  of  this  grade;  some  of  them  have  heen  .speeiallv  prepared 
ior  the  work,  while  otheis  an*  «'xeeltent  re[>r<Mluctions  from  more 
<'lal)orate  J'^reurh  and  (lerniaii  wmk-.  I)\  lending  attnieiivene-ss  to 
the  sulijeet  they  add  materially  to  the  educational  value  of  the  IxMjk. 

The  publishers  have  is-ued  the  work  in  very  creditable  style;  it  i> 
well  ]>rinted  and  substantially  bound,  and  has  the  look  of  serviM'al)il- 
ity  that  a  >eIiool  book  shouM  have.  W.  II.  W. 


Franklin     Institute. 


HaI.I,  OF  TIIK  iN.STITrTK,  ApHI  L'Otll,   1H,S1. 

Tlu'  stated  meeting  was  cjdle«l  to  order  at  H  o'cl»K'k  P.M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  PJ9  mendn^rs  and  43  visitoi-s. 

The  minutes  of  the  Ia.st  meeting  were  read  and  a|t|»ro\td. 

The  Actuary  prcsente<l  the  mimites  of  the  Board  i»f'  Managt'r^.  and 
announced,  that  ai  their  last  nuH'ting  15  |HM"sons  were  electe«l  mend)er> 
of  the  lustituti';  he  also  rea<l  a  preamble  and  r«'-;olutions  with  n'lr.inl 
to  the  creation  of  a  Trust  for  a  Building  Fund  for  the  Institute, 
otlered  by  the  ( 'ommittee  on  Sttx'ks  and  Finance,  and  adoptoil  by  the 
lioard  of  Managers  at  th(>ir  mi'Cting  on  .\|>ril  l.'Uh.  1S81. 
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Mr.  William  Sellers,  Mr.  Frederick  Fraley  and  Mr.  J.  Vaughan 
Merrick  were  appointed  the  Trustees  by  the  Board. 

The  Secretary  reported  the  following  donations  to  the  Library: 

Journal  Franklin  Institute.     112  numbers.     1870  to  1881. 

From  J.  E.  Mitchell. 

Text-Book  of  Elementary  Mechanics.     By  E.  S.  Dana. . 

From  John  Wiley  &  Sons,  Publishers,  New  York, 

American  Sanitary  Engineering.     By  E.  S.  Philbrick. 

From  Publisher  of  Sanitary  Engineer,  New  York. 

Illustrated  Catalogue  of  Locomotives. 

From  J.  B.  Lippincott  &  Co.,  Publishers. 

Forty-seventh  Annual  Report  of  the  Royal  Cornwall  Polytechnic 
Society.     Falmouth.     1879.  From  the  Society. 

Aeneidea,  or  Critical  Remarks,  etc.,  on  the  Aeneis.  By  Jas.  Henry. 
Vol.  2.     Dublin.     1879. 

Memoirs-  of  the  Geological  Survey  of  India.  Vol.  15,  Part  2; 
Vol.  17,  Parts  1  and  2  and  Record. 

Paloeontologia  Indica.  Ser.  X,  Parts  1  and  2,  Vol.  1 ;  Ser.  XIII, 
Parts  1  and  2.     Salt  Range.       From  the  Geological  Survey  Office. 

Revista  Cientifica  Mexicana.     Vol.  1,  Nos.  10  to  12.     1880. 

From  the  Publisher. 

Transactions  of  the  Royal  Irish  Academy.  I.  M.  Series.  Vol.  1. 
Science  Series,  Vol.  26;  "Cunningham  Memoirs."  No.  1  and  Pro- 
ceedings. From  the  Society. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1880. 

From  G.  H.  Cook,  S.  G. 

Early  Society  in  Southern  Illinois.  By  R.  W.  Patterson.  And 
History  of  the  Chicago  Historical  Society.  From  the  Society. 

The  New  Improved  Bed  of  the  Danube  at  Vienna.  By  Sir  G. 
Wex.     Washington.     1881. 

Index  to  the  Library  of  the  American  Society  of  Civil  Engineers. 
Part  1,  Railroads.  From  the  Society. 

Memoir  of  J.  A.  Meigs,  M.D.  By  L.  Turnbull,  M.D.  Philadel- 
phia.    1881.  From  the  Author. 

Endowment  of  Scientific  Research.     By  G.  Davidson. 
Variable  Stars  of  Short  Period.     By  E.  C.  Pickering.    Cambridge. 
1881.  From  the  Author. 
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Opinion  dcIiveriKl  l>y  Mr.  .Iusti«o  Hnifllfv  in  tlic  avK-  of  K.  A. 
Til^hni.m  ts.  W  in.  I'nx'tor,  From  (ico.  Harding. 

Mt'teoroloj^icjil  Kesesirohes  for  the  ilhc  of  the  Coast  Pilot.  I 'art  J. 
On  Cyclones.  From  the  F.S.  ('.  S:  (}.  Snrv* y. 

Milling;  World  and  (  lin»ni<l<'  of  th<'  (irain  and  Fhuir  Tnidi'. 
iinlliih.,  N.  Y,  From  the  Fuhli.-her. 

Nouvelles  Annales  de  hi  Construction.  1861—1863;  1865-1868; 
1H70 — 1S71;  and  2U  unlHUind  |»atnj>hlets.  Also,  Catiiloj^ue  of  (  Vn- 
terniial  Ivxhihition.      187»).  From  I^-wis  .S.  Wan-. 

Second  Annual  Kcjiort  ol"  the  Indiana  IJnreau  (»f  Statistics  and 
(ieology.     1880.  Frum  th<'  Bureau. 

AiMMial  Report  <»f  the  Hoard  of  Regents  of  the  Smithsonian  In>ti- 
tution  for  l87I>.  From  the  Institution. 

Alphalx'tical  Lists  of  Patentees,  etc.     July  — Dec.,  1X80. 

From  tiic  r.  S.  Patent  ( Xfu-e. 

Manual  of  Engineering  and  Matliematic:d  Instruments  made  l»y 
Young  ^V:  Sons.  From  Young  iV  .Sin>. 

Aniuial  Rej)orts  of  the  .Ma->achuxtts  Roard  of  lvluc:ition.  18.">0 
— 1878-79  inclusive.  From  the  lioanl,  Roston. 

Reports  of  the  Second  (ieological  Survey  of  Pennsvlvania.  (J*; 
H-';    I';   P.  R.  '  Fn.m'the  B..ard. 

Total  Solar  Eclipses  of  duly  2;».  1S7S.  Appeutlix  IH  to  Ol.-.r- 
vatit)ns  for  1876.  I'roiu  the  F.  S.  Naval  Okxervatory. 

Re|tort  of  the  Superintenilent  of  IT.  S.  Coast  Survey  tor  1877. 

From  the  C(»:ist  Survey  ( )lli(v,  Wjishington. 

Annual  Re|K»rt  of  the  Scrretary  of  the  Trejf*ury  <»n  the  State  of 
Finances  for  1880.  Fmn>  the  Tre:usury  Dept.,  W:ishington. 

Annual  Report  of  the  Commissioner  of  F.ducation  for  ls7s. 

l"'roni  the  Rureati. 

.\unual  Report  of  the  Chief  of  ( )rdnancc  for  iSSd. 

I'rom  the  Chief  of  ( )i*<lnan«'«*. 

Manchesti'r  Steam  I'ser's  AsHK-iation  Chief  Engiui-er^'  .Vinuial 
Retort  for  1879.  From  the  AsstH-iation. 

Steel  Conipres-ing  Arrangements  at  the  Pmrrow  Works.  Ry  A. 
Davis.  From  the  Author,  I^ondon. 
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Report  of  the  Department  of  Public  Works,  City  of  New  York, 
for  1880.  From  the  Department. 

Report  of  the  Commissioner  of  Internal  Revenue  for  1880. 

From  the  Commissioner, 

Transactions  of  the  American  Philosophical  Society.  Vol.  15  N.  S. 
Part  3.  From  the  Society. 

The  Virginias,  a  Mining,  Industrial  and  Scientific  Journal.  Edited 
by  Jed.  Hotchkiss.     Vol.  1,  1880. 

From  W.  C.  Macdowell,  Philadelphia. 

Memorial  of  Joseph  Henry.     AYashington.     1880. 

From  Hon.  Chas.  O'Neill,  M.  C. 

Annual  Report  of  the  Adjutant-General  of  Pennsylvania  for  1880. 

From  the  Adjutant-General. 

Smull's  Legislative  Hand-Book  for  1881. 

From  G.  AV.  Hall. 

The  Millstone.     Vols.  2,  3  and  4.  From  the  Publishers. 

Houston's  Intermediate  Lessons  in  Natural  Philosophy.  Philadel- 
phia: Eldredge  Bros.     1881.  From  the  Author. 

Four  Lectures  on  Static  Electric  Induction.  By  J.  E.  H.  Gordon. 
New  York.     1881.  From  D.  Van  Nostrand,  Publisher. 

Mr.  J.  Snowden  Bell  read  an  interesting  paper  on  the  AVootten 
Locomotive  Engine,  illustrating  his  remarks  with  drawings  and  dia- 
grams.    The  jmper  is  printed  in  full  on  page  340  of  the  Journal. 

Dr.  Grimshaw  inquired  whether  any  experiments  had  been  made 
with  large  drivers  such  as  are  used  on  English  and  French  railways 
for  fast  service.  He  believed  that  the  drivers  on  the  AVootten 
■engines  were  only  about  five  and  a-half  feet  in  diameter,  but  on  Eng- 
lish railways  they  were  made  from  nine  feet  to  three  metres  in 
diameter. 

Air.  Bell  in  reply  said  that  the  largest  drivers  he  had  ever  heard  of 
as  being  used  in  this  country  were  eight  feet  in  diameter.  They  were 
used  on  engines  built  thirty  years  ago.  The  largest  now  in  use,  he 
believed  to  be  those  on  the  new  eng-ine  of  the  Pennsvlvania  road  and 
they  are  only  six  feet  six  inches.  It  is  certainly  desirable  to  have 
large  drivers,  but  in  practical  construction  builders  are  limited  by  the 
requirements  for  the  fire  box. 
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Mr.  Xystroui  said  that  the  tliagraius  .-houed  tiie  boiler  elevatetl 
high  above  the  track,  tliis  being  made  necessary  bv  putting  it  over  the 
driving  wheels.  He  tlioiiglit  it  would  l>e  i)etter  to  turn  the  Ixtiler  end 
for  end,  bringing  it  down  over  the  smaller  or  truck  wheels. 

Mr.  Jk'll  said  that  the  great  elevation  ot"  the  Uiiler  of  the  \V<M»tteii 
locomotive  was  invariably  the  first  subject  of  criticism,  but  in  |»i:i(ti- 
cal  work  it  did  not  jtn»ve  objectionable.  The  Italian  engineers  found 
upon  trial  that  the  centre  (»f  gravity  was  not  inordinately  high.  When 
he  (Mr.  Bell)  workcnl  in  a  locomotive  engine  workshop  some  years 
ago,  it  used  to  be  the  rule  to  put  the  boilers  a.'^  low  as  jx^siblc  Xow% 
the  greater  elevation  is  not  objected  to  an<l  some  engineei*s  ln»ld  it  to 
lie,  in  fact,  an  advantage. 

Mr.  Shaw  said  that  he  also  had  an  impression  u|X)n  looking  at  the 
Wootten  locomotive  that  it  was  t<K»  high.  He  did  not  like  the  idwi  of 
riding  on  it,  but  he  soon  accpiired  confidence  in  the  engine  after  trial. 
He  commented  on  Mr.  Xystrom's  suggestion  about  turning  the  lM)iler 
aroinid  under  the  misjipprehension  that  that  gentleman  pntjwonl  to 
turn  the  engine  itself  around,  making  the  drivei*s  run  tii-st. 

Mr.  Xystrom  cx|)lained  that  he  simply  meant  to  move  the  boiler 
end  for  end,  and  in  answer  to  a  running  fire  of  questions  said  he 
thought  the  centre  of  gravity  would  come  all  right,  that  the  wei<rlit 
would  be  on  the  drivei*s,  and  finally,  when  ivskcnl  what  he  would  do 
with  the  cylinders,  said  he  would  arrange  for  them  when  he  («me  to 
make  the  plan. 

The  Secretary's  i-ep<jrt  included  Krict^son's  new  uiloric  pumping 
engine  which  was  exhibited  by  the  H.  B.  Smith  Machine  Companv. 
It  is  a  very  simple  (idoric  engine,  adaptetl  for  use  in  private  residences, 
hotels,  etc.,  and  to  Ik*  operate<l  by  un»kille<i  laUtr.  The  air  is  alter- 
nately expandiHJ  and  contractetl  in  the  cluunbcr  without  allowing  anv 
of  it  to  escape.  This  is  accomplishe<l  by  the  use  ot  a  large  tlisplacing 
pistctn  fitting  htosely  int»»  the  cylinder,  and  used  to  drive  the  air  from 
end  to  end,  without  allowing  any  ot"  it  to  escji|>e,  thusiloing  awav  with 
all  valves.  The  air  is  first  brought  into  contact  witii  the  lower  jwrt 
of  the  cylinder,  where  it  is  heate<l  and  expande<l  by  a  gits  or  ctml  fur- 
nace, and  then  I'urrieil  to  the  up|)er  |)art,  where  it  is  nM»le<l  bv  the 
water  that  is  being  pumpeil,  and  which  p;u<ses  dire<-tly  from  the  pump 
into  an  annular  s|K»ce  or  jacket  around  the  up|)er  end  of  the  cvlin«ler, 
and  thence  to  the  discharge  l>ipe.  An  air-tight  piston  clost^>.s  the  up|»er 
end  of  the  air  cylinder,  and,  when  liftetl  by  the  expandin-:  air  U'lietuh 
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moves  the  walking  beam,  and  lifts  the  pump  rod.  The  heated  air 
ujjon  being  driven  to  the  cold  end  of  the  cylinder  is  instantly  cooled 
and  contracted,  and  the  momentum  of  the  fly-wheel  carrying  the  air- 
tight piston  down,  lifts  the  displacer,  and  thus  drives  the  air  to  the 
hot  end,  when  the  operation  is  repeated.  The  air  may  be  expanded 
and  contracted  three  hundred  times  per  minute.  Either  coal  or  gas 
can  be  used  for  heating,  the  latter  being  preferable,  as  the  consump- 
tion is  only  fifteen  cubic  feet  per  hour.  The  engines  are  made  of 
various  sizes,  from  the  six  inch,  capable  of  lifting  200  gallons  of  water 
fifty  feet  per  hour,  to  the  duplex  12-inch,  capable  of  lifting  1600  gal- 
lons fifty  feet  per  hour.  The  machine  is  entirely  safe  from  dangers 
of  explosion,  and  is  very  simple  in  its  operation,  and  not  likely  to  get 
out  of  order.  The  engine  was  used  to  pump  water  from  a  tub 
through  a  curved  pipe  and  back  again  to  the  tub. 

Mr.  Holman  called  attention  to  the  fact  that  the  pipe  was  acting  as 
a  siphon  and  that  the  water  was  not  being  pumped  the  full  height  of 
the  pipe. 

The  exhibitor  said  that  was  no  doubt  true,  but  the  pump  was  capa- 
ble of  lifting  200  gallons  per  hour  to  a  height  of  fifty  feet.  Having 
said  that  the  engine  was  best  adapted  for  pumping  purposes  because 
the  water  was  needed  to  cool  the  cylinder,  but  that  the  engine  might 
be  used  as  a  motor  if  the  city  water  was  used  for  cooling  the  cylinder, 
he  was  asked  by  Dr.  Grimshaw  whether  Avater  under  the  same  head  as 
that  thus  used  if  employed  to  drive  a  turbine  would  not  yield  as  good 
results  as  the  engine.  He  replied  that  that  might  be  so ;  he  had  not 
examined  the  question.  It  was  not,  however,  intended  that  these 
engines  should  be  used  as  motors  but  only  for  pumping  purposes. 

Breitinger  &  Kunz  exhibited  Wenzell's  system  of  air  clocks,  which 
has  been  in  successful  use  in  California  for  five  years.  The  main 
clock  or  regulator  must,  of  course,  be  a  good  time  keeper.  It  is  con- 
nected with  a  simple  air  pump  worked  by  wheel  work,  and  from  the 
pump  or  pumps  a  small  gas  pipe  is  led  away  to  the  dial  works,  forty 
or  more  in  number.  These  works  are  extremely  simple,  their  only 
function  being  to  provide  for  the  movement  of  the  hands  in  response 
to  the  pulsations  of  the  air  pumped  by  the  regulator.  The  dials 
may  be  made  of  almost  any  desired  form  and  cased  entirely  dust 
proof. 

Dr.   Grimshaw   inquired    as    to   the   relative   cost   of  the    leaden 
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pipes  used  with  these  clocks  ;m<l  the  ••(»|)|)<  r  wire  u.><e«l  lor  electrictii 
blocks. 

Mr.  Breitinger,  tlie  exiiihitor,  aii.'<were<l  that  that  wil-^  a  >iil)if(t  ht- 
had  iK)t  considered  and  that  he  did  not  think  it  ne<M-ssiry  to  consider 
it,  as  the  j)ii>es  need  not  he  of  lead  ( ias  pipes  woidd  .serve  the  pur- 
pose. India  riihher  tuhcs  were  only  use<l  at  the  Institute  for  con- 
venience. 

Prof.  Marks  .said  that  Prof.  Rogers  had  experimented  witii  a  simi- 
lar clock,  and  he  understoml  had  finally  abandoned  it  l)ecause  it  wa^ 
subject  to  so  many  accidents  from  variations  in  tiie  state  of  the  atmo- 
phere. 

Mr.  Jkeitinger  called  attention  to  the  fact  that  this  apparatus  was 
not  open  to  such  objections  as  tiie  air  was  .set  free  at  each  movement, 
the  plunger  or  ))ump  |»iston  being  lift<Ml  ch-ar  of  the*  solution  after 
each  sti'oke. 

Mr.  Shaw  also  .said  that  lit- did  nut  think  Prof.  Mai'ks  w<tuld  lind 
this  similar  to  the  j)neumatic  pumps  with  which  he  had  experimented. 
The  pumj)s  here  ii.sed  are  miniature  gasometers  (Operating  at  a  distance 
another  ga.someter.  He  inquired  how  far  they  wouhl  work,  and  Mr. 
Breitinger  rej)lied,  from  1  ()()()  to  1200  teet  with  <-crtainty.  The  liipiid 
into  which  the  piston  i>  pliniged  is  glycerin. 

Mr.  Shaw  said  he  thought   it  a   very  worthy  apj)aratus. 

In  answer  to  Mr.  Spcliici-,  Mi-.  Breitinger  Siiid  that  the  heavy 
weights  were  required  to  drive  the  pum])s.  They  are  needed  to  run 
four  dials,  but  wouki  run  forty  just  as  well. 

The  Unite<l  States  automatic  gits  machine  is  an  ingenious  combina- 
tion of  devices  for  the  generation  of  gas  from  the  lighter  oils  and 
combining  it  with  air  for  lighting  and  heating  |)urposcs.  It  is  entirely 
automatic  and,  having  been  put  in  o|)eration,  make>  the  gJLs  just  :is 
it  is  nectkHl  for  consumption,  ui>  sup|>Iy  JK-ing  kept  on  hand.  Th<- 
ga.soline  according  to  the  plan  is  to  i)e  put  in  the  yard  in  a  cask  con- 
nected by  a  small  le;id  pipe  with  a  pump  in  the  cvllar  on  the  .s;ime 
level.  There  are  also  two  cylinders,  one  to  l>e  lieatinl  by  the  gas  of 
the  machine,  into  which  the  oil  is  pumped  in  small  quantities,  and  in 
which  the  gas  is  gen(>rat«il;  the  other  au  air  cyliiuler  fnun  which  air 
to  be  mixetl  with  the  g:is  is  pumptnl  by  the  movement  of  a  piston 
aetuatetl  by  tlu-  expansion  ot"  the  gas  in  the  process  of  its  forma- 
tion, ^lechanical  devices  are  employtnl  to  regulate  the  time  of 
piunping,  and   thus   to  regulate  automatic:illy  the  supj)ly  of  gas  for 
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consumption.  The  cylinder  in  which  the  gas  is  generated  is  siir- 
rounded  by  water,  lieated  from  200  to  212  degrees  by  a  small  gas 
burner,  using  the  gas  that  it  generates. 

Mr.  E.  C.  Burgess  said  that  the  expense  of  a  100  light  machine  in 
this  city,  set  up  ready  for  use,  would  be  about  $400.  What  is  known 
as  a  100  light  machine  would  really  run  150  lights,  but  the  lower 
limit  was  given  in  its  title  so  as  to  be  safely  within  the  bounds  of 
truth.  The  gas  is  delivered  under  a  two-inch  pressure.  It  requires 
about  six  gallons  of  oil  per  thousand  cubic  feet.  The  oil  costs  at 
present  about  fifteen  cents  per  gallon,  making  the  cost  of  gas  ninety 
cents  per  thousand  cubic  feet.  The  ordinary  price  of  gasoline  is  about 
ten  cents,  making  the  cost  about  sixty  cents  per  thousand. 

Mr.  Shaw  having  obtained  from  the  exhibitor  a  more  detailed  state- 
ment of  the  method  of  manufacture  said  that  he  had  developed  before 
the  Institute  what  he  desired  to  show,  that  this  was  really  a  vapor 
engine,  which,  after  using  the  vapor  to  drive  the  machine  then 
employed  it  for  illuminating  purposes.  He  thought  this  a  novelty 
worthy  of  being  specially  mentioned. 

Prof.  Marks  inquired  whether  the  apparatus  had  been  worked  long 
enough  to  ascertain  whether  tar  was  deposited  in  the  machine  or  in  the 
burners. 

Mr.  Burgess  said  that  the  machine  had  been  in  use  for  about  one  year,, 
and  there  was  no  sign  of  any  deposit  anywhere.  The  gasoline  appeared 
to  be  completely  vaporized.  If  there  was  any  residual  product  it  had 
not  been  made  visible. 

The  Secretary  closed  his  report  by  calling  attention  to  one  of  Ladd's 
swing  chairs,  which  was  on  exhibition.  This  is  suspended  in  an  inge- 
nious manner,  and  the  body  and  back  of  it  can  be  adjusted  to  any 
desired  position,  and  which  may  be  instantly  varied  with  very  little 
effort  to  the  occupant  of  the  chair.  As  the  supporting  frames  are  of 
steam  bent  ash,  great  strength  and  lightness  are  obtained,  and  when 
not  in  use  it  can  be  folded  so  as  to  occupy  very  little  room. 

Owing  to  the  lateness  of  the  hour,  Mr.  McKean  moved  that  when 
the  Institute  adjourns  it  be  to  meet  Wednesday  evening,  April  27th, 
and  that  the  first  business  in  order  be  the  Report  of  the  Board  of 
Managers  on  the  subject  of  obtaining  a  building  fund,  which  was 
agreed  to. 

On  motion,  the  Institute  adjourned. 

Isaac  Norris,  M.D.,  Secretary. 
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In  a  paptT  rttul  l)t'fure  tlie  AiiuTic:ui  AsHH-iation  for  tlio  Ailvaiut'- 
mciit  of  Sricuff  last  .Vii^iist,  I  (U'-htIIkmI  (vrtain  cxjK'riments  iiia«lf  \>y 
Mr.  SiiiiiiKr  Taiiittr  ami  iiiyMlf  which  had  n'MiItc*!  in  tlie  consiriK'- 
tioii  of  a  '•  lMi«itopln»iif,"  or  apjianitiis  for  the  pn^liiction  of  wniml  by 
li.uht;*  and  it  will  In-  my  oliJM-t  to-day  to  (Kx-rilK.*  the  proirn—  wt- 
have  nKidi'  in  thr  invt'>tipiti«>n  of  photophonic  |)lien<>Muiia  -iii> ,  the 
dale  ofthl-  (■oiiiiiinninitioii. 

In  my  Uo>ion  paper  tho  di.^tivcry  was  announif*!  tliat  thin  *Ii>k-  ot' 
very  many  ditli'rt'nt  >iil)stanois  tmittal  soHniii<  wiicn  cxjxtstxl  to  the 
action  of  a  rapidly-interrnptctl  lK>ani  of  sunlight.  The  grejit  variety 
of  material  iiMtl  in  tiiese  e.\|K'rinu'nts  le<l  me  to  believe  that  sononm.s- 
ncss  under  -uch  circumstamvs  woidil  Iv  foinul  to  Ih"  a  genenil  pro|>erty 
of  all  matter. 

At  that  time  wc  had  failc«I   to  «>l>tain  audible  effeets  from  masses  of 

*  rr<KtH(lin^s  ot"  tlii"  .\nuTUiin  AsMH-iation  for  tlu*  .XdvanivnuMit  of  S'ifinv,  Aujf. 
117,  ISSH;  nv  also  .Ii»i«rif<in  JuHimit  of  Sritntr,  vol.   xx,  p.  .'JlK'j;  Jourmtl  (/  tk*  Amrf 
i(vin   Klectricol  Socitty,  vol.  iii,  p.  :\;  Journal  (/  the  Society  <y    7V/«^/r-.t^»A  EtHfimtm  amtt 
/•.7»Wri>ifin.-i,  vol.  ix,  p.  4(H;  AunaU.*  dr  Chimir  ft  »/<•  /'Ay<ii</)i<.  vol.  xxi. 
WiioLK  No.  Vol.  CXI.— ;Tiiiri>  Series,  Vol.  Ixxxi.)  2i» 
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the  various  substances  which  became  sonorous  in  the  condition  of  thin 
diaphragms;  but  this  faihire  was  explained  upon  the  supposition  that 
the  molecular  disturbance  produced  by  the  light  was  chiefly  a  surface 
action,  and  that  under  the  circumstances  of  the  experiments  the  vibra- 
tion had  to  be  transmitted  through  the  mass  of  the  substance  in  order 
to  aifect  the  ear.  It  was  therefore  supposed  that  if  we  could  lead  to 
the  ear  air  that  was  directly  in  contact  M'ith  the  illuminated  surface, 
louder  sounds  might  be  obtained,  and  solid  masses  be  found  to  be  as 
sonorous  as  thin  diaphragms.  The  first  experiments  made  to  verify 
this  hypothesis  pointed  towards  success.  A  beam  of  sunlight  was 
focussed  into  one  end  of  an  open  tube,  the  ear  being  placed  at  the 
other  end.  Upon  interrupting  the  beam  a  clear  musical  tone  was 
heard,  the  pitch  of  which  depended  upon  the  frequency  of  the  inter- 
ruption of  the  light  and  tlie  loudness  upon  the  material  composing 
the  tube.  At  this  stage  our  experiments  were  interrupted,  as  cir- 
cumstances called  me  to  Euroi^e. 

While  in  Paris  a  new  form  of  the  experiment  occurred  to  my  mind, 
which  would  not  only  enable  us  to  investigate  the  sounds  produced  by 
masses,  but  would  also  permit  us  to  test  the  more  general  proposition 
that  sonorousness,  under  the  influence  of  intermittent  light,  is  a  property 
common  to  all  matter. 

The  substance  to  be  tested  was  to  be  placed  in  the  interior  of  a 
transparent  vessel,  made  of  some  material  which  (like  glass)  is  trans- 
parent to  light,  but  practically  opaque  to  sound. 

Under  such  circumstances  the  light  could  get  in,  but  the  sound  pro- 
duced by  the  vibration  of  the  substance  could  not  get  out.  The  audi- 
ble effects  could  be  studied  by  placing  the  ear  in  communication  witli 
the  interior  of  the  vessel  by  means  of  a  hearing-tube. 

Some  preliminary  experiments  were  made  in  Paris  to  test  this  idea, 
and  the  results  were  so  promising  that  they  were  communicated  to  the 
French  Academy  on  the  11th  of  October,  1880,  in  a  note  read  for  me 
by  Mr.  AntoineBreguet.*  Shortly  afterwards  I  MTote  to  Mr.  Tainter, 
suggesting  that  he  should  carry  on  the  investigation  in  America,  as 
circumstances  prevented  me  from  doing  so  myself  in  Europe.  As  these 
experiments  seem  to  have  formed  the  common  starting-})oint  for  a 
series  of  independent  researches  of  the  most  important  character  carried 
on  simultaneously  in  America  by  Mr.  Tainter,  and  in  Euroj^e  by  JNI. 

*  Comptes  Bendus,  vol.  xci,  p.  595. 
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Mercadier,*  Prof.  Tvn<lall,t  W.  K.  Rontgen,t  and  W.  H.  Preeoe,§  I 
may  be  permitted  to  quote  from  my  letter  to  Mr.  Taiiiter  the  passage 
describing  the  exjieriments  referred  to: 

"Metropolitan  Hotel,  Rue  Cambox,  Paris,  Nov.  2,  1880. 

"DeAiI  Mu.  Tainter — *  *  *  *  J  ),aye  devised  a  method  of  pro- 
ducing sounds  by  the  action  of  an  intermittent  l>eam  of  liglit  from 
substances  that  caniKjt  lie  ol)taineil  in  the  shaj)e  of  tliin  diajihr.igmsor 
in  tiie  tubuhir  form;  indeed,  the  metlifxl  is  specially  adaptetl  to  testing 
the  generality  of  the  ])henomenon  we  liave  discovered,  as  it  can  be 
adapted  to  solids,  lifpiids  and  gases. 

*' Place  the  substance  to  be  experimented  with  in  a  glass  test-tube, 
connect  a  rublx'r  tube  with  the  UKtuth  of  the  test-tube,  placing  the 
other  end  (»!"  the  pi])e  to  the  ear.  Then  focus  the  intermittent  beam 
upon  the  substance  in  the  tube.  I  have  tried  a  large  mimber  of  >ub- 
stances  in  this  way  with  great  success,  although  it  is  extremely  ditti- 
cult  to  get  a  glimpse  of  the  sun  here,  and  when  it  does  shine  the 
intensity  of  the  light  is  not  to  be  compared  with  that  to  be  ol>taine<l  in 
IkVashington.  1  got  splendid  effects  from  crystals  of  bichromate  of 
potash,  crystals  «)f  sulphate  of  co})per,  and  from  tobacco  smoke.  A 
whole  cigar  placed  in  the  test-tube  pnxluced  a  very  loud  >ound.  I 
could  not  hear  anything  from  plain  water,  but  when  the  water  wa- 
dis<^'olored  with  ink  a  feeble  sound  wa><  heard.  J  would  suggest  that 
you  might  rej)eat  these  experiments  and  extend  the  results,"  etc. 

T'pon  my  return  to  Washington,  in  the  early  j)art  of  Janiiary.'  Mr. 
Tainter  communicated  to  me  the  results  of  the  experimeiUs  he  had 
made  in  my  laboratory  during  my  absence  in  p]uro|K*.  He  had  com- 
mencetl  by  examining  the  sonorous  properties  of  a  vast  ninnber  of 
substances  enclose<l  in  test-tubes  in  a  simi)le  empirical  >earch  for  loud 
ettects.  He  was  thus  letl  gnidually  to  the  discovery  that  <'otlon-wool, 
•worsted,  silk,  and  fibrous  materials  generally,  i)nxluced  much  lou<ler 
.sounds  than  hard,  rigid  bodies  like  crystals,  or  diaphragms  such  as  we 
liad  hitherto  used. 


♦"Notes  on  Kadiophony,"  Compte*  Rendus,  Dec.  6  and  13,  1880;  Feb.  21  ami  28, 
1881.     See  also  Jounml «/«  Phtf^ii/ii';  vol.  x,  p.  o-S. 

t".\ction  of  an  Intermittent  lk>ani  uf  Hmliant  Heat  ii j ion  CJaseiuU"  Matter."  /Voc. 
Hotfol  Society,  .Jan.  13.  1S81,  vol.  xxxi,  p.  307.     [Keprinte«l  in  JofRNWL,  p.  297.] 

J  "On  the  Tones  which  Arise  from  the  Intermittent  llhunination  of  a  G.-is."  See 
Aiinaieii  drr  Phys.  uiid  Chfinif,  Jan.,  18S1,  No.  1.  ji.  l-Vi. 

(i"()n  t lie  Conversion  of  Radiant  Energy  into  Sjuorous  Vibrations."  Proc.  Ji'jyal 
JSociehj,  Mareh  10.  ISS],  vij.  xx.vi.  p.  oOti. 

||C)n  tiio  Till  of  ,Ianu;u-v. 
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Ill  order  to  study  the  effects  under  better  oircurastiinces  he  enclosed 
his  materials  in  a  conical  cavity  in  a  piece  of  brass,  closed  by  a  flat 
plate  of  glass.  A  brass  tube  leading  into  the  cavity  served  for  con-^ 
nection  with  the  hearing  tube.  When  this  conical  cavity  was  stuffed 
with  worsted  or  other  fibrous  materials  the  sounds  produced  were 
much  louder  than  when  a  test-tube  was  employed.  This  fomn  of 
receiver  is  shown  in  Fio;.  1. 


Fig.  1. 

^Ir.  Tainter  next  collected  silks  and  worsteds  of  different  colors,  and 
speedily  found  that  the  darkest  shades  produced  the  best  effects.  Black 
worsted,  especially,  gave  an  extremely  loud  sound.  As  white  cotton- 
wool had  [jroved  itself  equal,  if  not  superior,  to  any  other  white  fibrous 
material  before  tried,  he  w\as  anxious  to  obtain  colored  specimens 
for  comparison.  Not  having  any  at  hand,  however,  he  tried  the 
effect  of  darkening  some  cotton-Avool  with  lamp-black.  Such  a  marked 
reinforcement  of  the  sound  resulted  that  he  was  induced  to  try  lamp- 
black alone.  About  a  teaspoonful  of  lamp-black  was  placed  in  a 
test-tube  and  exposed  to  an  intermittent  beam  of  sunlight.  The  sound 
produced  was  much  louder  than  any  heard  before.  Upon  smoking  a 
piece  of  plate-glass,  and  holding  it  in  the  intermittent  beam  with  the- 
lamp-black  surface  towards  the  sun,  the  sound  produced  was  loud 
enough  to  be  heard,  Avith  attention,  in  any  part  of  the  room.  AVith 
the  lamp-black  surface  turned  from  the  .sun  the  sound  was  much 
feebler. 

Mr.  Tainter  repeated  these  experiments  for  me  immediately  upon 
my  return  to  Washington,  so  that  I  might  verify  his  results. 

Upon  smoking  the  interior  of  the  conical  cavity,  shown  in  Fig.  1 


June,  1881.]  Ji'H — Ikuliant  Knrr(jjf.  -lOO 

and  tlioii  exposing  it  to  tlir  iiitL-rinitt«-iit  lM.-aiii,  with  the  ^huvs  li<l  in 
jxi.sition  a.s  shown,  the  cflect  was  j)erfei'tly  startling.  The  khiihI  was 
«o  loiul  as  to  l>e  actually  painful  to  an  ear  phuxnl  chisely  a^.iin>t  the 
«'n<l  of  tlie  hearintr-tulH*,  TIm-  MHinds,  however,  were  st^-nsihly  lon.lcr 
wiicn  we  phu-i.Ml  ><)MU'  snKtkiil  wire  ganze  in  the  nMT-ivjT,  as  illu~trit<'l 
in  the  drawing,  Fig.  1. 

When  tin'  hcani  wa->  thrown  into  a  n'sonator,  the  intrrior  <>f  whu  h 
liad  bei^n  .snioke<i  over  a  lamp,  most  eurious  alttrnatictus  of  sound  and 
silence  were  olxserved.  The  interruj)ting  <lisk  was  set  rotating  at  a 
Jjigh  rate  of  spati,  and  was  then  allowe<l  t«>  come  gradually  to  re>t. 
An  extremely  feehle  musical  tone  was  at  first  hwird,  which  gnidually 
i'ell  in  j)it<Jias  tJie  rate  of  interruption  grew  less.  The  l<»udness  of  the 
xiiiml  produced  varied  in  tJie  mof<t  interesting  manner.  Minor  rein- 
i'orccnicuts  wen;  constantly  (K-curring,  which  het-jimc  more  and  ujore 
jn:irUc<l  as  the  true  pit<h  of  the  resonator  wa-  ne:ire<l.  When  at  ln-.t 
the  frecjueiicy  of  int«'rruption  corres|M)ndeil  to  the  fre«piency  of  the 
juiidaiiientiil  of  the  roonator,  the  sound  j»r<Mlu<vd  wa>^  >o  loud  that  it 
might  have  Ix'cn  heard  by  an  auilience  of  hundre<is  of  |KH>j»le. 

The  effect.s  pro<hn'e«I  hy  lamj>-black  .>*eeme<l  to  me  to  Im?  very  extni- 
ordinary,  esjHK'ially  a-*  I  had  a  distinct  n'c<illection  «»f  exiM-riments 
made  in  the  ."^u miner  of  l-S.SO  with  smoki^l  diaphragms,  in  whieh  no 
such  reinforivnunt  was  notice<l. 

I'lnm  examining  the  re<'ords  of  our  p.i>t  photophonic  exi>eriinent.s 
We  found  in  vol.  vii,  p.  '>7,  the  following  note: 

*'  Kxpcriment  \'.  —  -Mii-:i  tlinphragm  covere<l  with  lamj>-l)lack  on 
:«ide  ex|)osetl  to  light. 

'vRcsult:  Distinct  siMuid  about  same  as  without  lamp-black.  —  A.  <»'. 
B.,  July  ISth,  l.SSO. 

"  \'eritieil  the  above,  but  think  it  somewhat  l«>uder  than  when  u**^! 
without  lamp-black."—^'.  7'.,  .July  18th,  1880. 

rjKin  repeating  this  old  cx|K'riment  we  arrivetl  at  the  >;iiiie  n-uit  a^ 
ihat  noted.  Little,  it'  any,  augmentation  of  s«»un«l  n-sulteil  from 
nmoking  the  mica.  In  this  cxjieriment  the  etfect  wa-^  oltscrvctl  by 
j>laciiig  the  mica  dia|)hi*:«gm  again»-t  the  ear,  and  also  by  listening 
through  a  hcaring-tul>t>,  one  i^iuX  of  whi»"h  wa<  closiil  by  the  tliajthragm. 
The  sound  was  found  to  W  more  audible  through  the  frvi-  air  when 
the  car  was  placinl  as  near  tt>  the  lamp-black  surface  as  it  c»»ul»I  Iw 
brought  without  shailing  it. 

At  the  time  of  mv  comnuiniaition  to  the  American  .Vsaociatiou  I 
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had  been  unable  to  satisfy 
myself  that  the  substances 
which  had  become  sonorous 
under  the  direct  influence  of 
intermittent  sunlight  were 
capable  of  reproducing  the 
sounds  of  articulate  speech 
under  the  action  of  an  un- 
dulatory  beam  from  our 
photophonic  t  r  a  n  s  m  i  1 1  e  r_ 
The  difficulty  in  ascertain- 
ing this  will  be  understood, 
by  considering  that  the 
sounds  emitted  by  thin  dia- 
phragms and  tubes  were  so 
feeble  that  it  was  impracti- 
cable to  produce  audible  ef- 
fects from  substances  in  these 
conditions  at  any  consider- 
able distance  away  from; 
the  transmitter;  but  it  was 
equally  imposvsible  to  judge 
of  the  eifects  produced  by 
our  articulate  transmitter  at 
a  short  distance  away  be- 
cause the  speaker's  voice 
was  directly  audible  througli- 
the  air.  The  extremely  loud 
sounds  produced  from  lamp- 
black have  enabled  us  to 
demonstrate  the  feasibility 
of  using  this  substance  in  aa 
articulating  photophone  in 
place  of  the  electrical  receiver 
formerly  employed. 

The  drawing  (Fig.  2)  il- 
lustrates the  mode  in  which 
the  experiment  was  conduct- 
ed. The  diaphragm  of  the 
transmitter   (A)  was  only  a 
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ceutiinetres  in  (liaiucter,  the  tliamcter  of  tlie  receiver  (It)  waty  also 
5  centimetre*,  and  the  tlistance  Ixjtween  the  two  was  4<)  metre??,  or  KOO 
times  the  diameter  of  tlie  transmitting  clia|)hragm.  We  were  unable 
to  oxpcriment  at  (greater  distances  without  a  heliostat  on  account  of  the 
dilliciiltv  of  kecpini^  the  lij^lit  ste:ulily  dinctcil  f»n  the  receiver.  Wor<ls 
and  sentences  s[)oken  into  the  transmitter  in  a  low  tone  of  voice  were 
aiiilihlv  repriMlufcd  l»v  the  lamp-Mark  nnviver. 

In  Fi<;.  3  is  sjiown  a  m<Kh'  of  interrupting  a  Ixsim  of  sunlight  for 
prcMliiiiiig  distiuit  effects  without  the  use  of  lenses.  Two  similarly 
|M  rfoiatcd  disks  are  employc<l,  one  of  which  is  s<'t  in  rapid  rotation, 
while  the  other  remains  stationary'.  This  form  of  interrupter  is  also 
admiraidy  adapte<l  for  work  with  artificial  light.  The  rei'civer  illus- 
trated in  the  drawing  consists  of  a  paralK>lic  reflector,  in  the  focus 
of  which  is  placed  a  glass  vessel  (A)  containing  lamp-Mack  or  (►ther 
sensitive  substance,  and  <-onne<'te<l  with  a  hcaring-tuU.'.  The  l)e:»M»  of 
light  is  internii»tcd  l>y  its  passjige  through  the  two  slotte<l  disks  shown 
at  B,  and  in  operating  the  in>trument  mu>ic:d  signals  like  the  dots  and 
dashes  of  the  Morsi-  alphalKt  are  pruducetl  fn»m  the  sensitive  retviver 
(A)  by  slight  motions  of  the  mirror  (C)  al)out  its  axis  (D). 

In  place  of  the  parabolic  reflector  shown  in  the  figure  a  conij-al 
reflector  like  that  recommeiule<l  by  Prof.  Sylvanus  Th«»mp.son  *  c:in 
lie  used,  in  which  t-asi'  a  cylindrit'al  glitss  vessel  woidd  l>e  preferable 
to  the  flask  (A)  shown  in  the  figure. 

In  regard  to  the  sen>itive  materials  that  can  Ik*  i*nij)|ove<l,  our 
ex|)eriMients  indicate  that  in  the  case  of  solids  the  physiral  c«»n<lition 
and  the  color  arc  two  comlitions  that  marke<lly  influem^  the  intensity 
of  the  sonorous  etUvts.  The  loiulvst  (toundtt  are  j/rrxhteeil  from  xk//- 
sUiHces  in  a  loose,  poroun,  Kponfjy  condition,  (ind  from  (hone  t/uif  fmve 
the  darkest  or  mwt  aln<orf>enf  colors. 

The  materials  from  which  the  best  effects  have  l>een  pr<Klucotl  arc 
cotton-wool,  worsteil,  fibrous  materials  genenillv,  cork,  sponge,  [»lati- 
num,  and  other  metals  in  a  spongy  condition,  and  lamjv-black. 

The  loud  sounds  priHluceil  from  such  substances  may  |)erhaps  In? 
exj)laiiied  in  the  follnwing  manner:  Ix^t  us  consider,  for  example,  the 
c:»se  of  lamp-black,  a  substan<v  which  l)et\>mes  hwitetl  by  exjMisure  to 
rays  of  all  refrangibility.  I  look  U|Km  a  mass  of  this  substance  :is  a 
sort  of  sponge,  with  its  jxtris  tilbnl  with  air  instead  of  water.  When 
a  beam  of  sunlight  falls  u|K>n  this  mass  the  i>articles  of  lamjwblack  are 

*  Phil.  Mag.,  .\{.ril.  ISJSI.  vol.  xi,  p.  280. 
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heated,  and  consequently  expand,  causing  a  contraction  of  the  air- 
spaces or  pores  among  them. 
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ITiidor  tlicst'  <'irniin.staiMM's  a  pulse  of  air  .should  In-  «xjm1I.<!,  iu-t  a- 
■\vo  \voul<l  s(juc('Z('  (Mil  water  from  a  sjmmi^o. 

The  force  with  which  the  air  is  ex|)elleil  must  Ihj  greatly  incr«i.se<l 
l)V  the  exj>aiisi(»n  of  the  air  itself,  due  to  contact  with  the  heat^l  par- 
tick'S  i){'  lamp-black.  When  the  light  is  cut  otf  the  converse  pnxtsNS 
tiikes  place.  The  lainp-hlack  j)articles  co<j1  and  contract,  thus  enlarg- 
ing the  air-spaces  among  theuj,  and  the  enclose<l  air  also  IxM-onies  c«m»1. 
T'nder  these  circumstanc<'s  a  partial  vacuum  should  Ik?  forme<l  among 
the  parti<'les,  an«i  the  <jutsid<'  air  w«»uld  then  he  al)sorl)ed,  as  water  is 
by  a  s|K)nge  when  the  pres>ure  of  the  hand  is  reniove<l. 

r  imagine  that  in  some  such  manner  as  this  a  wave  of  condensation 
is  >t:irted  in  the  atmo>phere  «ach  time  a  l)eam  of  suidight  falls  n|M)n 
l:niiji-l)la<-l<,  aiitl  a  wave  of  rarefaction  is  originate*!  when  the  light  i« 
cut  otf.  11 V  can  thun  und'rstantl  lioir  it  ix  that  a  ttubstance  lih-  imnjt- 
black  producfA  intemfc  sonoroita  vibrations  in  the  surroundinf/  air,  irliil* , 
at  the  same  time,  it  communicates  a  fery  feeble  vibration  to  the  diaphrar/m 
or  solid  bed  upon  which  it  rests. 

This  curious  fact  was  ind(>pendcntly  observe<l  in  Englan<l  by  Mr. 
Preece,  and  it  le<l  him  to  «|Uestion  whether,  in  our  experiments  with 
thin  dia|)hragms,  the  sound  heartl  w:is  <lue  to  the  vibration  of  thedi-k 
or  (as  Prof.  Hughes  had  suggested)  to  the  expansion  and  contraction 
of  tlie  air  in  contact  with  the  disk  confineil  in  the  cavity  Ix-hind  the 
diaphragm.  1  w  his  pa|M'r,  i*ead  l)efore  the  Koyal  Society  on  the  lOtIr  of 
March,  .Mr.  Preeiv  <lc.scribes  experiments  from  which  he  claims  to  have 
j)roved  that  the  ellccts  are  wholly  due  to  the  vibrations  of  the  confineil 
air,  and  that  the  disks  do  not  vibrtde  at  all.  I  shall  briefly  state  my 
reasons  for  disagreeing  with  him  in  this  conclusion: 

1.  When  an  intermittent  beam  (tf  sunlight  is  focus.Mil  upon  a  *hett 
of  hard  rubU-r  or  other  material  a  unisictd  tone  c:ni  be  heard,  not  oidv 
l)y  placing  the  lar  innneiliately  i>ehind  the  |>art  receiving  the  U-am, 
but  by  placing  it  against  any  |)ortion  of  the  .-heit,  evi-n  though  this 
may  be  a  foot  or  more  from  the  place  acte<l  upon  by  the  light. 

•J.  \\  hen  the  be:jni  is  thrown  ujmn  the  dia|)hragm  of  a  *'  lllake 
Transmitter,"  a  loud  nnisic:d  tone  is  j)ro«lucetl  by  a  telephone  con- 
nected in  the  siime  galvanic  ciit-uit  with  the  uirbon  butti»n  (A),  Fig.  4. 
(umhI  effects  are  also  pHnhu'cil  when  the  carlnui  button  (A)  forms 
with  the  battery  (B)  a  {H>rtion  of  the  primary  cirtniit  of  an  induction 
coil,  the  telephone  (C)  InMug  plaitHl  in  the  seci^ndary  cinniit.  In  tlii^se 
cases  the  winxlen   1k.)x  and   mouth-pii'ce  of  tlie  transmitter  shouKl  lie 
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removed,  so  that  no  air  cavities  may  be  left  on  either  side  of  the  dia- 
phragm. 


■■ II'*! Ill,''''""  '#l|',"i"MIIII 
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It  is  ividenf,  therrfore,  that  iti  the  case  of  thin  di^ks  a  real  rihration 
of  tin-  diapliraf/in  is  caused  hi/  the  action  of  the  intrrinittent  htani,  inde- 
pcndenthf  of  any  expansion  and  contraction  of  the  air  confined  in  the 
cavil II  Itehind  the  diaphraf/in. 

Lord  Kaylei^h  has  .-Iiown  iiiatlieiiiatiially  that  a  t(>-aiul-fn»  vil^ra- 
tioii,  of  sutticient  aniplitiule  to  priKhice  an  audil^le  sound,  would  R-^-ult 
from  a  periodical  cotuniunic"ati<)n  and  al>straction  of  heat,  and  he  says: 
"We  may  n»no!ude,  I  think,  that  there  is  at  jtresent  no  reason  for  dis- 
earding  the  oKvIdu-  txplanation  that  th<*  -uunds  in  querition  are  due  to 
the  hendini^  of  tlic  platt-  inidcr  une«iual  heating."  {Nature,  xxiii,  p. 
274.)  Mr.  Pree«r,  however,  seeks  to  prove  that  the  sonorous  etllnLs 
tannot  he  oxphiined  u[»on  this  supposition,  hut  iiis  ex|K;riinfntal  proof 
is  ina<lef|uate  to  support  iiis  efjuchtsion.  Mr,  Preece  exi)ected  that  if 
Lord  Kayleit;h's  explanation  wjis  e<»rreft,  the  exjuinsion  and  eontnie- 
tion  of  a  tliin  strip  under  the  influence  of  an  intermittent  i)eam  rould 
l»e  cjiused  to  open  and  close  a  jipdvanic  cin'uit  so  as  to  pHMluct-  a 
iini>i«al  tone  from  a  telephone  in  the  circuit.  But  this  \v:ls  an  inade- 
([uate  way  to  test  the  jioint  at  issue,  for  Lord  Kayleiirh  has  shown 
(Proc.  Royal  Socirti/,  ls77)  that  an  audihle  .sound  (-m  l)e  ppkIucihI  hy 
a  vibration  whose  amplitude  is  less  than  a  ten-millionth  of  a  centimetre^ 
and  certainly  such  a  vihnition  as  that  w<»uld  not  have  suflicx'tl  to  o|K'r- 
ate  a  "make-and-l>reak  contact"  like  that  used  hy  Mr.  Pri-eiv.  The 
Meg:ative  results  t>l)tained  by  him  cannot,  therefore,  be  considereil  tt>u- 
elusive. 

The  followinir  experiments  (devised  hy  Mr.  Tainter)  have  iriveu 
results  decidcdiv  more  favorable  to  the  theorv  of  Ix»rd  luivk-i^li  than 
tt»  that  of  y{\\  Preece. 

L  A  strip  (A)  similar  to  that  used  in  Mr.  Preeoe's  ex|H'riment  wiw 
attached  firmly  to  the  centre  of  an  iron  diaphragm  (li),  :i.s  shown  in 
Fig.  5,  and  was  then  pulled  taut  at  rigijt  angles  to  the  plane  of  tho 
diaphragm.     AVhen  the  intermittent  iK-jim  was  fooussetl  u|>on  tlie  strip 

(A)  a  clear  music;d  tone  coid<l  Ix'  heard  by  applying  the  ear  to  the 
hearing-tube  (C).  This  seemed  to  imlicate  a  r<»LM.d  cxjtansion  and  con- 
traction of  the  snhstance  under  trial.      Hut  a  vibration  of  the  diaphragm 

(B)  would  also  have  resulte<l  if  the  thin  >trip  {\)  had  aetpjiritl  a  t<>- 
and-fro  motion,  due  either  to  the  dirtrt  impact  of  the  iK-am  or  to  the 
sudden  expansion  of  the  air  in  contact  with  the  strip. 

2.  To  test  wlR'ther  this   had  Ix'en  the  c:\se,  an  additional  strip  (D^ 
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was  attaclied  by  its  central  point  only  to  the  strip  under  trial,  and  was 
then  submitted  to  the  action  of  the  beam,  as  shown  in  Fig.  6. 


Fis.  5. 


^  It  was  presumed  that  if  the  vibration  of  the  diajihragm  (B)  had 
been  due  to  a  pushing  force  acting  on  the  strip  (A),  that  the  addition 
of  the  strip  (D)  would  not  interfere  Avith  tlie  eifect.  But  if,  on  the 
other  hand,  it  had  been  due  to  the  longitudinal  expansion  and  con- 
traction of  the  strip  (A),  the  sound  Avould  cease,  or  at  least  be  reduced. 


Fig.  6. 

The  beam  of  light  falling  upon  strip  (D)  was  now  interrupted  as  l)efore 
by  the  rapid  rotation  of  a  perforated  disk,  which  was  allowed  to  come 
gradually  to  rest.  No  sound  was  heard  excepting  at  a  certain  speed 
of  rotation,  when  a  feeble  musical  tone  became  audible.  This  result 
is  confirmatory  of  the  first. 
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The  audibilitv  of  the  etfect  at  a  particular  rate  of  interruption  sug- 
gests the  explanation  that  the  .strip  D  had  a  normal  rate  of  vibration 
of  its  own. 

AVhen  the  frequency  of  the  interru})tion  of  the  light  corresponded 
to  thi.s,  the  strip  was  probably  thrown  into  vibration  after  the  manner 
of  a  tuning-fork,  in  which  case  a  to-and-fro  vibration  would  Ix-  pro- 
pagated down  its  stem  or  central  support  to  the  strip  (A).  This  indi- 
rectly proves  the  value  of  the  experiment. 

The  li.st  of  solid  substances  that  have  been  submitted  to  exj)eriment 
in  my  laboratory  is  too  long  to  be  (juoted  here,  and  I  shall  merely  say 
tliat  we  liave  not  yet  found  one  .solid  body  that  has  failed  to  become- 
sonorous  under  proper  conditions  of  experiment.* 

Experiments  avith  Liquid.s. 
The  sounds  produced  by  liquids  are  much  more  difficult  to  oUserve 
than  tho.se  produced  by  solids.  The  high  ab.sorptive  power  possessed 
by  mo.st  liquids  would  lead  one  to  expect  inten.se  vibrations  from  the 
action  of  intermittent  light,  but  the  number  of  sonorous  licpiids  that 
have  so  far  been  found  is  extremely  limited,  and  tlie  sounds  prochiced 
are  .so  feei)le  as  to  be  heard  only  by  the  greatest  attention  and  under 
the  best  circumstances  of  exjieriment.  In  the  experiments  made  ia 
my  laboratory  a  very  long  test-tube  was  filled  with  the  liquid  under 
examination,  and  a  flexible  rubber  tube  was  slipped  over  the  mouth 
far  enough  down  to  prevent  the  po.ssibility  of  any  ligiit  reaching'-  the 
vapor  above  the  surface.  Precautions  were  also  taken  to  prevent 
reflection  from  the  bottom  of  the  test-tube.  An  intermittent  beiim  of 
sunlight  was  then  foru-ssed  upon  tiie  liquid  in  the  middle  portion  of 
the  test-tube  by  means  of  a  lens  of  large  diameter. 

.Eemdts. 
Clear  water,  .  .  .  .     Xo  .sound  audible. 

Water  discolored  ly  ink.  .  .  .    Feeblf  sound. 

Mercury,  ....         Xo  sound  heard. 

Sulphuric  ether, ^=  .  .  Feeble  but  distinct  sound. 

Ammonia,  .  .  .  '*  '' 

Ammonio-sulphate  of  copper,       .  '*  "  << 

\\  riting  iid<,         .  .  .  "  "  " 

Indigo  in  -nlpliuric  acid,  .  "  "  « 

Chloride  of  copper,*  .  .  a  «  « 

*  Carbon  and  thin  microscope  pla-ss  are  mentionetl  in  my  Boston  paper  as  non- 
responsive,  and  powderetl  chlorate  of  jwtasli  in  the  communication  to  the  French 
Academy  iCompkii  Rendng,  vol.  xci,  p.  .59.5).  All  these  sul>stanees  have  since  vielded 
sounds  under  more  careful  conditions  of  experiment. 
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The  liquids  distinguished  by  an  asterisk  gave  the  best  sounds. 

Acoustic  vibrations  are  always  much  enfeebled  in  passing  from 
liquids  to  gases,  and  it  is  probable  that  a  form  of  experiment  may  be 
devised  which  will  yield  better  results  by  communicating  the  vibra- 
tions of  the  liquid  to  the  ear  through  the  medium  of  a  solid  rod. 

Experiments  with  Gaseous  Matter. 

On  the  29  th  of  November,  1880,  I  had  the  pleasure  of  showing  to 
Prof.  Tyndall  in  the  laboratory  of  the  Royal  Institution  the  experi- 
ments described  in  the  letter  to  Mr.  Tainter  from  which  I  have  quoted 
above,  and  Prof.  Tyndall  at  once  expressed  the  opinion  that  the  sounds 
Avere  due  to  rapid  changes  of  temperatuj'e  in  the  body  submitted  to  the 
action  of  the  beam.  Finding  that  no  experiments  had  been  made  at 
that  time  to  test  the  sonorous  properties  of  different  gases,  he  sug- 
gested filling  one  test-tube  with  the  vapor  of  sulphuric  ether  (a  good 
absorbent  of  heat),  and  another  with  the  vapor  of  bisulphide  of  carbon 
(a  poor  absorbent),  and  he  predicted  that  if  any  sound  was  heard  it 
would  be  louder  in  the  former  case  than  in  the  latter.  Tlie  experi- 
ment was  immediately  made,  and,  the  result  verified  the  prediction. 

Since  the  publication  of  the  memoirs  of  Rontgen*  and  Tyndallf  we 
have  repeated  these  experiments,  and  haye  extended  the  inquiry  to  a 
number  of  other  gaseous  bodies,  obtaining  in  every  case  similar  results 
to  those  noted  in  the  memoirs  referred  to. 

The  vapors  of  the  following  substances  were  found  to  be  highly 
sonorous  in  the  intermittent  beam :  Water  vapor,  coal  gas,  sulphuric 
ether,  alcohol,  ammonia,  amylene,  ethyl  bromide,  diethylamene,  mer- 
cury, iodine  and  peroxide  of  nitrogen.  The  loudest  sounds  were 
obtained  from  iodine  and  peroxide  of  nitrogen. 

I  have  now  shown  that  sounds  are  produced  by  the  direct  action  of 
intermittent  sunlight  from  substances  in  every  physical  condition 
(solid,  liquid  and  gaseous),  and  the  probability  is  therefore  very 
greatly  increased  that  sonorousness  under  such  circumstances  will  be 
found  to  be  a  universal  property  of  matter. 

Upon  Substitutes  foe  Selenium  ix  Electrical  Receivers. 

At  the  time  of  my  communication  to  the  American  Association  the 
.  loudest  effects  obtained  were  produced  by  the  use  of  selenium,  arranged 

*Ann.  cler  Phys.  und  Chem.,  1881,  No.  .1,  p.  155. 
t  Proc.  Boy.  Soc.y  Yol.  xxxi,  p.  307. 


June,  1881.]  BcU— Radiant  Energy.  415 

in  a  coll  of  suitable  f;ons*triic-ti(HL,  and  j)la<*C'(l  in  a  galvanic  circnit  with 
11  telephone.  Upon  allowinj^  an  intermittent  beam  of  sunlijrht  to  fall 
upon  the  selenium  a  musical  tone  of  great  intensity  was  prixluced  from 
the  telepJiowc  connected  with  it 

]5nt  tlie  seleiiitam  was  very  inconstant  in  its  acti<»n.  It  was  rarely, 
if  ever,  fonnd  to  he  the  <»se  that  tw<»  pieces  of  selenium  (even  <»f  the 
same  sticJi)  vicKhisl  tiic  same  results  under  id<Miti«*al  circumstances  of 
annealing,  etc.  ^\'hile  in  Euro})e  last  autumn,  Dr.  Chidiester  Bell,  of 
University  College,  London,  suggested  to  me  that  this  inconstancy  of 
result  might  he  due  to  chemical  impurities  in  the  selenium  iisetl.  Dr. 
Jk'll  has  since  visited  my  laboratory  in  Washington,  and  has  mad(?  a 
i'hemical  examination  of  the  various  samples  of"  selenium  I  ha<l  col- 
lected from  diH'erent  parts  of  the  world.  As  I  understand  it  to  be  his 
intention  to  jjublish  the  results  of  this  analysis  very  soon,  1  shall  make 
no  further  mention  of  his  investigation  tlian  to  state  that  he  ha>  foinid 
sulphur,  iron,  lead  and  arsenic  in  the  so-c-alled  "selenium',"  with  traces 
of  organic  matter;  that  a  (piantitative  examination  l\as  reveale<]  the 
fact  that  sul])hur  constitutes  nearly  one  jK*r  cent,  of  the  whole  mass, 
and  that  when  these  imjiurities  are  eliminated  the  selenium  appears  to 
be  more  constant  in  its  action  and  more  sensitive  to  light. 

Prof.  W.  G.  Adams*  has  shown  that  tellurium,  like  selenium,  has 
its  electrical  resistance  atlected  in'  light,  JUid  we  have  attempte<l  to  uti- 
]ize  this  substance  in  place  of  selenium.  The  arrangement  of  cell 
(shown  in  Fig.  7)  was  construct^]  for  this  purpose  in  the  e:irlv  part  of 
18H0;  but  we  failed  at  that  time  to  obtain  any  indications  of  sensitive- 
ness with  a  reflecting  galvanometer.  We  Ijave  since  found,  however, 
tliat  when  this  tellurium  spiral  is  connected  in  circuit  with  a  g-alvanic 
Jbattery  and  tele|)honc  and  exposed  to  the  action  of  an  internn'ttent 
beam  of  sunlight,  a  distinct  nm.NJcal  tone  is  produceil  l>v  the  tele]»lioiu'. 
The  audible  eflect  is  much  increjt.sed  by  placing  the  tellurium  cell  with 
the  battery  in  the  primary  circuit  of  an  induction  coil,  and  placing  the 
telephone  in  the  secondary  circuit 

The  enormously  high  resistance  of  selenium  and  tlie  extremelv  low 
resistance  of  tellurium  suggested  the  thought  tJiat  an  alloy  of  tliese 
two  substances  might  possess  interme<liate  electrical  ju'operties.  We 
Jiave  accordingly  mixed  together  selenium  and  tellurium  in  different 
proportions,  and,  while  we  do  not  feel  warranted  at  the  present  time 

*  PriK.  Boil.  Soc,  vol.  x.xiv,  p.  ](>.'j. 
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in  making  definite  statements  concerning  the  results,  I  may  say  that; 
such  alloys  have  proved  to  be  sensitive  to  the  action  of  light. 


Fig.  7. 

It  occurred  to  Mr.  Tainter  before  my  return  to  Washington  last 
January  that  the  very  great  molecular  disturbance  produced  in  lamp- 
black by  the  action  of  intermittent  sunlight  should  produce  a  corres- 
ponding disturbance  in  an  electric  current  passed  through  it,  in  which 
case  lamp-black  could  be  employed  in  place  of  selenium  in  an  electri- 
cal receiver.  This  has  turned  out  to  be  the  case,  and  the  importance 
of  the  discovery  is  very  great,  especially  when  we  consitier  the  expense 
of  such  rare  sub.stances  as  selenium  and  tellurium. 

The  form  of  lamp-black  cell  we  have  found  most  effective  is  shown 
in  Fig.  8.  Silver  is  deposited  upon  a  plate  of  glass,  and  a  zigzag  line 
is  then  scratched  through  the  film,  as  shown,  dividing  the  silver  sur- 
face into  two  portions  insulated  from  one  another,  having  the  form  of 
two  combs  with  interlocking  teeth. 

Each  comb  is  attached  to  a  screw-cup,  so  that  the  cell  can  be  placed 
in  an  electrical  circuit  when  required.  The  surface  is  then  smoked 
until  a  good  film  of  lamp-black  is  obtained,  filling  the  interstices 
between  the  teeth  of  the  silver  combs.  When  the  lamp-black  cell  is 
connected  with  a  telephone  and  galvanic  battery,  and  exposed  to  the 
influence  of  an  intermittent  beam  of  sunlight,  a  loud  musical  tone  i& 
produced  by  the  telephone.  This  result  seems  to  be  due  rather  to  the 
physical  condition   than   to   the  nature  of  the  conducting  material 
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employed,  as  niotals  in  a  s|>on;;y  condition  ppMhue  similar  cHoit.-.  For 
instiince,  wiien  an  electrical  current  is  pxsseil  thnjugh  spongv  platinum 
while  it  is  expose<l  to  intermittent  sunlight,  a  distinct  musical  tone  is 
produced  by  a  telephone  in  the  same  circuit.  In  all  such  cases  the 
eflect  is  increased  by  the  use  of  an  induction  coil,  and  the  sensitive 
cells  can  be  cmpIoye<l  for  the  repnxluction  of  articulate  s|>ee<h  as  well 
as  for  the  pnKluction  of  niusictd  sounds. 


V\k.  S. 


l-i*,'.  !». 


^^  (•  have  also  I'ouiul  that  loud  sounds  are  pnnhuxHl  from  lamp-black 
by  passing  thr<tui;h  it  an  intermittent  elei'tri«al  <urrent,  and  that  it  <au 
be  used  as  a  telephonic  rweiver  for  the  repnKJuition  of  articulate 
speech  by  electrical  means. 

A  convenient  mode  of  arranging  a  lami>-blaek  cell  for  e.\|HTimen- 
tal  i>urposes  is  >hown  in  Fig.  !>.  When  an  intermittent  current  is 
passed  through  the  lamp-black,  (.1),  or  when  an  intermittent  be:im  of 
sunlight  falls  u|>on  it  through  the  glass  plate,  i?,  a  loud  musiral  tone 
can  be  heard  by  applying  the  ear  to  the  hearing-tube,  C.  When  the 
light  and  the  electriral  current  act  simultaneously,  two  musio;d  tones 
Wholk  No.  Vol.  CXI.— (Third  SKRit>«,  Vol.  l.xx.xi.)  27 
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are  perceived,  which  produce  beats  when  nearly  of  the  same  pitch. 
By  proper  arrangements  a  complete  interference  of  sound  can  undoubt- 
edly be  produced. 

Upon  the  Measurement  of  the  Soxorous  Effects  Produced 
BY  Diffp:rent  Substances. 

We  have  observed  that  different  substances  produce  sounds  of  very 
different  intensities  under  similar  circumstances  of  experiment,  and  it 
has  appeared  to  us  that  very  valuable  information  might  be  obtained 
if  we  could  measure  the  audible  effects  produced.  For  this  purpose 
we  have  constructed  several  different  forms  of  apparatus  for  studying 
the  effects,  but  as  our  researches  are  not  yet  complete,  I  shall  confine 
mvself  to  a  simple  description  of  some  of  the  forms  of  apparatus  we 
have  devised. 

When  a  beam  of  light  is  brought  to  a  focus  by  means  of  a  lens, 
the  beam  diverging  from  the  focal  point  becomes  weaker  as  the  dis- 
tance increases  in  a  calculable  degree.  Hence,  if  we  can  determine 
the  distances  from  the  focal  point  at  which  two  different  substances 
emit  sounds  of  equal  intensity,  we  can  calculate  their  relative  sonorous 
powers. 

Preliminary  experiments  were  made  by  Mr.  Tainter  during  my 
absence  in  Europe  to  ascertain  the  distance  from  the  focal  point  of  a 
lens  at  which  the  sound  produced  by  a  substance  became  inaudil)le. 
A  few  of  the  results  obtained  will  show  the  enormous  differences  exist- 
ing between  different  substances  in  this  respect. 

Table  of  Distances  from   Focal  Point  of    Lens  at  avhich 
Sounds  become  Inaudible  with  Different  Substances. 

Zinc  diaphragm  (polished),   .                  .  .      1*51  m. 

Hard  rubber  diaphragm,                 .  .              1*90  " 

Tin-foil                    "               .                  .  .2-00  " 

Telephone               ''           (Japanned  iron),    .  2"15  " 

Zinc                           "           (unpolished\,  .     2*15  ^' 

White  silk  (In  receiver  shown  in  Fig.  1),     3*  10  "■ 

White  worsted                     "               " "  "           4-01  " 

Yellow  worsted                    ''               "  "           4-06  " 

Yellow  silk                          "               "  "           4-13  " 

White  cotton-wool              ''               "  "           4-38  " 

Green  silk                             "               "  ''           4-52  " 
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Blue  worsted  (In  receiver  .sli(»\vn  in  Fig.  1),     4'<)1>  ni. 

Purple  silk  "  "  "  4-M2    " 

Hrowu  silk  "  "  "  O-02    '• 

Black  silk  "  "  "  .V21    " 

Red  silk  "  "  "  .V24    " 

Black  uor>t<Ml  "  "  ''  (J'OU    " 

L:mi]»-l)lack.      In  reecivei-  the   limit  ot"  aii'lihility 
could  not  l)c  dt'tcrniincd  un  account  of"  want  of 
space.     Sound  perfectly  audil)le  at  u  distance  of  lOOd    •• 
Mr.  Tainter  was  convince<I  {\o\\\  these  experinjents  that  this  field  of 
research  promised  valuahle   rcsidts,  and   he  at  once  devised  an  a|)pani- 
tus  for  studyini:;  the  eil'ects,  which  he  descril)e<I  iu  me  u])on  my  return 
from    Europe.     The  aj>paratus   has  since  heen  constructed,  and  I  take 
irreat  pleasure  in  showing  it  to  you  to-day. 

(1.)  A  beam  of  li^ht  is  re<-civc<l  hy  two  similar  lenses  (A  B,  Fi^.  In., 
which  bring  the  light  to  a  fm-us  on  either  side  of  the  iuterruj)ting  di-k 
(C).  The  two  substances,  whose  sonorous  powers  arc  to  be  comparcil. 
are  placed  in  the  receiving  vessels  (D  E)'{so  ari-.ingCHl  :us  to  expose 
^tjual  surfaces  to  the  action  of  the  beam)  which  conununi<ate  by  flex- 
ible tubes  (F  (?)  of  eipial  length  with  the  common  hearing-tuU'  (H). 
The  receivers  (I)  K)  are  place<l  uj)on  slides,  which  can  be  moved  alunnr 
the  graduated  su|»poi-ts  (I  K).  The  l)eams  of  light  j>:L><sing  through 
the  inlerrupting  di-k  (C)  are  alternately  cut  off  by  the  swinging  of  ;i 
|)enduluiii,  iLi.  Tims  a  nuisical  tone  is  j)r(Klu<'«'d  alternately  from  the 
-ulistancc  in  J)  and  from  that  in  F.  One  of  the  rweivers  is  kept  at  a 
constant  point  upon  its  scjile,  and  the  «.»ther  receiver  is  move<l  toward- 
or  from  the  focus  of  its  beam  until  the  ear  tlecides  that  the  souml- 
jiroduced  from  I>  and  F  are  of  e<|ual  intensity.  The  relative  ]>o>itions 
of  the  receivers  are  then  note<l. 

(2.)  Another  method  of  investigati(»n  is  i)a>ed  upon  the  prtMluction 
of  an  interference  of  >ouiid,  and  the  apparatus  cnjployetl  is  shown  in 
Fig.  11.  The  interru|)tcr  con.-ists  of  a  tuning-fork,  (A),  which  i- 
kept  in  continuous  vil>ratioii  by  means  of  an  elcHtro-magnet  {\\].  A 
p<twerful  beam  i>t"  light  is  brought  to  a  fo«-us  between  the  prongs  «>f  the 
tuning-fork  (  \),  and  the  passage  of  the  beam  is  more  <U'  les><  obstru<-t<'<l 
l)v  the  vibnitiim  of  the  opa«|Ue  sci*ecus  (C  D)  i-iuritnl  by  the  prong-  of" 
the  fork.  As  the  tuning-fork  (A)  pr«Hlucos  a  s«»und  by  it>*  own  viluti- 
tion,  it  is  placed  at  a  sutHcient  distance  away  to  Ik-  inaudible  thmugh 
the  air,  and  a  >ystem  of  lenses  is  employed  for  the  purpose  of  bringing 
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tljL'  iiii(liilaliii;j,'  WcMiii  of  li^lil  t"  tlie  recoiviiig  leii.>  (K)  with  il>«  little 
k)ss  as  jKJS.sible.  'J'lie  two  receivers  (F  G)  are  attaciietl  to  slides 
(H  I),  whifli  move  iijxm  o|)j)osite  sides  of  the  axis  of  ihe  l>eani, 
and  tiie  receivers  are  coiiiH'rted  hy  Hexihle  tiling  of  une<|iial  leij<£th 
(K  L),  commmiicatin^  with  the  coininon  hearinir-tul>e  (M).  Th<- 
leii»itli  <if  the  tiiU'  (K)  is  such  that  tiie  sonorous  vibrations  from 
the  receivei's  (F  (i)  reach  the  common  hearin<;-tul)e,  (M),  in  ojtpo- 
site  phases.  I'nder  these  circumstances  silence  is  j(ro<luce<l  wh«'n 
the  viltnition>  in  tlif  receivers  (F  G)  are  of  e<|nal  intensity.  Wln-n 
the  intensities  arc;  une(|nal,  a  residual  etiect  is  j)erceived.  In  ojieralinir 
the  instrument  the  position  of  the  receiver  (G)  remains  constant,  and 
the  receiver  (F)  is  moved  to  <)r  from  the  focus  of  the  l>ejun  until  com- 
plete silence  is  priMhi<<(l.  Tin-  n-lative  positions  of  the  two  receivers 
are  then  noted. 

(•'].)  Another  niodr  is  :l>-  follows  :  Tiie  loudness  of  :i  musical  tone 
pr(«luce<l  l>y  the  action  of  liu:ht  is  compare<l  with  the  loudness  (»f  a 
tone  of  similar  pitch  produced  by  clen'trical  means.  A  rheostat  intro- 
duced into  the  circuit  enaldes  us  t(»  measure  the  amount  of  resistanc<; 
reipiired  to  render  the  electricjd  sound  cijual  in  intensity  to  tjje  other. 

(4.)  If  the  tiniin^-fork  (A)  in  Fiir.  11  is  thrown  into  vibration  bv 
an  inidulatory  instia<l  ol'  an  intermittent  current  passetl  throiiudi  the 
<  lectro-nja<rnet  (B),  it  is  probable  that  a  nuisicjd  tone,  ele<-tricallv  j>ro- 
ihirrd  in  the  receiver  (F)  by  the  action  of  the  sjime  current,  would  l»e 
found  c;ij)able  of  extiniruishinu;  the  effect  ])ro<luce<l  in  the  retviver  (Gi 
l»y  the  action  of  the  undulatory  beam  ol"  li.i;ht,  in  which  ca.se  it  shoidd 
lie  po>sible  to  establish  an  acoustic  balance  l)etween  the  effects  protliiced 
by  li>rht  and  electricity  by  intnMlucinj;  sufficient  resistance  into  the 
electric  circuit. 

I'i'nN    riiK    Naii  Ki.    <'i     III!     i^\^^    111  A!     l*i:()i>i«i:    ><i.\(»i:(»rs 

KlIKtIS    IN     l)lFKKl{i:.\T    Srn.sTAN(h>.. 

In  my  paper  read  i»efore  the  American  Association  last  August  and 
in  the  present  paper  1  have  ii->ed  the  word  "  lij^lit  "  in  its  usual  rather 
than  its  scientific  sen>e.  and  I  have  not  hitherto  attempt^><l  to  discrimi- 
nate the  etlects  producctl  by  the  different  constituents  of  ordinarv  liirht, 
the  thermal.  lnminou>  and  actinic  rays.  I  find,  however,  that  the 
adoption  of  the  word  "  photophone  "  by  Mr.  Tainter  and  mvself  has 
led  to  the  assumpti<tn  that  we  believeil  the  audible  effects  dis<^nered 
bv  us  to  be  due  entirelv  to  the  action  of  luminous  ravs.     The  mean- 
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iiijj;'  we    Jiav<.-    iiiiit'nnnly  :itt;nlic<l    t<>    the    wnni^   "  |»liot«»|»li.»ne 
"li^ht"will   Ik'  oKvioiis   from   tlic  tnl- 
lowiiig  passage,  qjiotwl  iVom  my  Pxtston 
paper : 

" Altli()ii<rli  cllects  are  pnKlueed  as 
al»«)ve  shown  by  foniisof  radiant  energy, 
which  ar(>  invisible,  we  have  named  the 
a|>|>aratns  for  the  j>r(»<hi('ti<»n  and  rejtro- 
dintiuii  (^f*  sound  in  tiiis  way  the 
'  |»li»it<)j)h<)ne'  Im'dxisc  (in  onUiKiry  bvdin 
of  lUjlit  contains  the  rays  which  arc  ojxr- 
ativc" 

To  avoid  in  future  any  misunder- 
standings upon  this  j»oint  we  liave 
decided  to  a(h»pt  the  term  ^' railio- 
jihonc,^'  proposed  I>y  M.  .M<  icadier,  as 
a  general  term  signifying  an  ai)j)aratu.s 
for  the  priMluetion  <»f  sound  by  any 
form  of  radiant  energy,  limiting  the 
words  thermophonc,  photophonc  and 
actinophone  to  aj)pai*atus  for  the  pro- 
duction of  sound  l)y  thermal,  luminous 
(tr  actinic  i"ays,  respectively. 

M.  Merc;ulier,  in  the  course  of  his 
researches  in  radiophony,  passed  an  in- 
termittent beam  from  an  electric  lamp 
through  a  prism,  and  then  e.\amine<l 
the  audible  efiects  prmluced  in  diflir- 
eiit  parts  of  the  sj>ectrum.  {Comptes 
liendus,  Dec.  «;th,  1880.)  We  liave 
repeated  this  experiment,  using  the 
sun  as  our  source  of  radiation,  and  have 
obtainetl  results  somewhat  diti'erent 
from  those  note<l  bv  M.  Merc.ulier. 
A  beam  of  sunlight  was  reflecteil  from 
a  heliostat  (A,  Fig.  12)  through  an 
achromatic  lens  (B),  so  a^  to  form  an 
image  of  the  sun  upon  the  slit  (C). 
The  beam  then  pas«etl  through  another 
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achromatic  lens  (D)  and  through  a  bisulphide  of  carbon  prism  (E), 
forming  a  spectrum  of  great  intensity,  which,  when  focused  upon  a 
screen,  was  found  to  be  sufficiently  pure  to  show  the  principal  absorption 
lines  of  the  solar  spectrum.  The  disk-interrupter  (F)  was  then  turned 
with  sufficient  rapidity  to  produce  from  five  to  six  hundred  interruptions 
of  tlie  light  per  second,  and  the  spectrum  was  explored  with  the  receiver 
(G),  Avhich  was  so  arranged  that  the  lamp-black  surface  exposed  was 
limited  by  a  slit,  as  shown.  Under  these  circumstances  sounds  were 
obtained  in  every  part  of  tlie  visible  spectrum,  excepting  the  extreme 
half  of  the  violet,  as  w^ell  as  in  the  ultra-red.  A  continuous  increase 
in  the  loudness  of  the  sound  was  observed  upon  moving  the  receiver 
(G)  gradually  from  the  violet  into  the  ultra-red.  The  point  of  maxi- 
mum sound  lay  very  far  out  in  the  ultra-red.  Beyond  this  point  the 
sound  began  to  decrease,  and  then  stopped  so  suddenly  that  a  very 
slight  motion  of  the  receiver  (G)  made  all  the  difference  between 
almost  maximum  sound  and  complete  silence. 

(2.)  The  lamp-blacked  wire  gauze  was  then  removed  and  the  inte- 
rior of  the  receiver  (G)  was  filled  with  red  worsted.  Upon  exploring 
the  spectrum  as  before,  entirely  different  results  were  obtained.  Tlie 
maximum  effect  was  produced  in  tlie  green  at  that  part  where  the  red 
worsted  appeared  to  be  black.  On  eitlier  side  of  this  point  tlie  sound 
gradually  died  away,  becoming  inaudible  on  the  one  side  in  the  mid- 
dle of  the  indigo,  and  on  the  other  at  a  short  distance  outside  the  edge 
of  the  red. 

(3.)  Upon  substituting  green  silk  for  red  worsted,  the  limits  of 
audition  appeared  to  be  the  middle  of  the  blue  and  a  point  a  short 
distance  out  in  the  ultra-red.     Maximum  in  the  red. 

(4.)  Some  hard-rubber  shavings  were  now  placed  in  the  receiver 
(G).  The  limits  of  audibility  appeared  to  be  on  the  one  hand  the 
junction  of  the  green  and  blue,  and  on  the  other  the  outside  edge  of 
the  red.  Maximum  in  the  yellow.  Mr.  Tainter  thought  he  could 
hear  a  little  way  into  the  ultra-red,  and  to  his  ear  the  maximum  was 
about  the  junction  of  the  red  and  orange. 

(5.)  A  test-tube  containing  the  vapor  of  sulphuric  ether  was  then 
substituted  for  the  receiver  (G).  Commencing  at  the  violet  end,  the 
test-tube  was  gradually  moved  down  the  spectrum  and  out  into  the 
ultra-red  without  audible  effect,  but  when  a  certain  point  far  out  in 
the  ultra-red  was  reached  a  distinct  musical  tone  suddenly  made  its 
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appearance,  wliioli  disappeared  as  suddenly  on  iii(>vin<r  the  test-tulx-  a 
very  little  further  on. 

(0.)  Upon  e\'i)loriii<i;  th(.'  spectrum  with  a  test-tul>e  containin;:  th<- 
vapor  of  iodine,  the  limits  of  audibility  appeared  to  Ik'  the  middle  of 
the  red  and  the  jiMH'tioii  of  the  Miic  and  indit:<>.  .Maximum  in  the 
green. 

(7.)  A  test-tuhe  containing  peroxide  of  niirogm  was  >nl)>titute<l  lor 
that  containing  iodine.  l)i>tinct  sounds  were  ol>taine<l  in  all  |»art-of 
the  visible  sj)ectrum,  but  no  sounds  were  observed  in  the  ultra-red. 

The  maximum  elfect  seeme<l  to  me  to  be  in  the  blue.  The  snund- 
were  well  marked  in  all  parts  of  the  violet,  and  I  even  fancie<l  that 
the  audible  effect  extended  a  little  way  int«)  the  ultra-violet,  but  of 
this  I  cannot  be  certain.  Upon  examining  the  absorption  sjM'ctrnm 
of  peroxide  of  nitrogen  it  was  at  once  observed  that  the  maximum 
sound  was  j)r<Kluced  in  that  part  of  the  s|)ectrum  where  the  greate-t 
number  of  absor|)tion  lines  made  their  a|»|)earance. 

(8.)  The  spectrum  was  now  explore*!  by  a  selenium  cell,  and  tli<- 
audible  effects  were  ob-served  by  means  ot'  a  teleph<»ne  in  the  same 
galvanic  circuit  with  the  cell.  The  maximum  effect  was  pr<Kluce<l 
in  the  red.  The  audible  eHect  extende<l  a  little  way  into  the  ultra- 
red  on  the  one  hand,  and  up  as  high  a'^  the  midtlleof  the  violet  on  tip- 
other. 

Altliongh  the  experiments  -o  far  made  can  oidy  l>e  considered  a- 
pieliiiiinary  to  others  of  a  mcu'e  refined  nature,  I  think  we  are  war- 
ranted in  concluding  that  the  nature  of  the  rai/s  that  produce  nonn- 
r(fU.s  elf'eett<  in  dilferenf  .suh.stanci>  depewls  upon  the  nature  of  thf 
suhsttinces  that  are  exposed  to  the  beam,  and  that  the  souml^  are  in 
every  case  due  to  those  raifs  of  the  spectrum  that  are  abforbed  Inj  the 
bod  If. 

'\\n:   Sl'K«TK<t|'lIn.\K. 

Our  experiments  ui)on  the  range  of  audibility  of  ditlereiit  >nl>- 
stances  in  the  -pectrnm  have  led  us  to  the  con>truction  of  a  new 
instrument  lor  use  in  spe<'trum  analysis,  which  was  describe*!  and 
exiiibitet!  to  the  Pliilosopliica!  ScK'iety  of  W'asliington.*  The  eye-piiHt- 
of  a  sj^eotroscope  is  removetl,  and  sensitive  sul)stances  are  place<!  in 
the  focal  ])oint  of  the  in.strument  l)cliind  an  ojKique  diaplinigm  ««>n- 
taining  a  slit.     The.^^e  sul)stances  are   put  in  <'omnmni<':ition  with   the 

*  IViK^-.  of  IMiil.  S(H-.  of  W!ishin;.'ti.n,  April  !•>,  issl. 
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ear  by  means  of  a  liearing-tube,  and  tlin.s  the  in.strument  is  converted 
into  a  veritable  "  spectroplione,"  like  that  shown  in  Fig.  13. 
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Suppose  we  .smoke  tlif  interior  of  mir  -pcctroplioiiic  re<-<Mver,  aiul 
till  tli<'  j'jivity  with  jw-nixide  of  nitrogen  pis.  We  have  then  a  eoni- 
l)ination  that  j;ive.s  us  go<Kl  sounds  in  all  parts  of  the  sjH'<'trnrn  (vis- 
ihlc  and  invisihie),  except  the  nitra-violet.  Now  piLss  a  r.ipidly- 
interrupted  heani  <»f  light  through  soint*  substance  wliose  alisorption 
spectrum  is  to  Im*  i:ivestigated,  and  hands  o\'  souml  and  sik-n**'  an- 
ohscrveil  upon  exploring  tlu;  spectrum,  the  silent  positi<jns  corns- 
ponding  to  the  ai)sorption  hands.  Of  course,  the  ear  cannot  for  one 
moment  comj)ete  with  the  «'yc  in  the  examination  of  the  visible  part 
of  tlie  sjKX'trum  :  hut  in  the  invisihie  part  U'vond  the  re<l,  when'  tin- 
eye  is  useless,  the  ear  is  invaluable.  In  working  in  this  region  •>!  the 
sptrtrum,  lamp-l)la<'k  alone  may  be  usnl  in  the  s|)ectrophonic  n.H-eiver. 
In<leed,  the  sounds  produced  by  this  substaiK-e  in  the  ultra-red  are  so 
well  marke«|  ;i.s  to  constitute  our  instrument  a  most  reliable  and  conve- 
nient substitute  for  the  thermo-pile.  A  few  exjK'riments  that  have 
been  made  may  l>e  interesting. 

(1.)  The  interrupte<l  beam  wa-  filtered  tlin»ugh  a  siturate*!  solution 
ot"  alum.  Result:  The  range  of  audibility  in  the  ultra-nil  wa> 
slightly  reduceil  by  the  absorption  of  a  narrow  band  of"  the  ray>  of 
lowest  refrangibility.  The  >onnds  in  the  visible  part  of  tlu*  sjHi-trum 
seemed  to  be  unalHeti'd. 

(2.)  A  thin  .-heet  of  hard  rubber  w;t-<  interjM^setl  in  the  path  of  the 
beam.  Kesult  :  W  ell-niarked  >oun<ls  in  every  part  of  the  ultra-nil. 
No  sounds  in  the  visible  part  of  the  spectrum,  exi-ejJting  the  extreme 
half  of  the  rcnl. 

These  experiments  reveal  the  cjiuse  of  the  curious  fact  alludul  to 
in  my  paper  read  befoiv  the  .Vmerii-an  Ass<XMation  last  August — that 
sountls  were  heard  from  selenium  when  the  ln'am  w;us  fdteml  througik 
both  hard  rubber  and  alum  at  the  same  time.  (See  diagram  of  n-^ult-  in 
Fig.  14.) 

(;].)  A  solution  of  ammonia-sulphate  of  cop|>er  was  trinl.  K«*sult  : 
When  placed  in  tin  path  of  the  betim  the  .s|H.vtrum  di>;»p|H>are«l, 
with  the  exii^'ption  of  the  blue  and  violet  end.  To  the  eye  tiie 
sl)eetrum  wits  thus  rethiced  to  a  single  bnxid  Umd  of  blue  violet 
light.  To  the  oar,  however,  the  sjKvtrum  reveidtil  itself  :ts  two  UuuU 
of  sound  with  a  bn»ad  spjiw  of  silence  l>etween.  The  invisible  rays 
transmittal  I'oustitutetl  a  narrow  band  just  outsi<le  the  ml. 

I  think  I  have  sjiiil  enough  to  convince  vou  of  the  value  of  this 
new    meth<Ml    ot"  examination,  but    I    do    not  wish  voji   to  undei-«-tan«l 
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that  we  look  upon  our  re- 
sults as  by  any  means  coni- 
])lete.  It  is  often  more  in- 
teresting to  observe  the  first 
totterings  of  a  child  than 
to  watch  the  firm  tread  of 
a  full-grown  man,  and  I 
feel  that  our  first  footsteps 
in  this  new  field  of  science 
may  have  more  of  interest 
to  you  than  the  fuller  re- 
sults of  mature  research. 
This  must  be  my  excuse  for 
having  dwelt  so  long  upon 
the  details  of  incorai)lete 
experiments. 

T  recognize  the  fact  that 
the  .s])ectrophone  must  ever 
remain  a  mere  adjunct  to 
the  spectroscope,  but  I  anti- 
cipate that  it  has  a  \vide 
and  independent  field  ot 
usefulness  in  the  investiga- 
tion of  absorption  spectra 
in  the  ultra-red. 


Tunnel  of  the  Engrlish 
Channel. — The  prelimi- 
nary works  of  the  tunnel 
which  is  to  unite  England 
and  France  have  presented 
veiy  satisfactory  results.  The 
engineers  have  sunk  a  shaft 
to  the  stratum  in  which  they 
propose  to  bore  the  tunnel, 
and.  they  are  now  engaged 
uj)on  a  new  shaft  for  receiv- 
ing all  the  boring  apparatus. 
They  expect  to  bore  at  least 
2|  miles  within  18  months 
and  to  finish  the  work  in  10 
years. — VIngen.  Univ.     C. 
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Ki>«ri;rs  <»k   rm:  K.\I'i:i;imkni"s. 

Ill  all  tli«;  «'X|Hriiiu'iits  exc^'i.t  //,  /,  ./  aii<I  A",  tin-  cut-otl"  was  fixt**!. 
M)  tliat  the  iiHuisuiv  ot'  t'XpaiisioM  with  which  the  strain  w;us  Urntl  tli<l 
nut  varv  <hirin)x  euch  experiiiifiit.  In  t'X|KTimfnt>  //.  /,  ./aii<l  K, 
the  nit-nir  wit>^  variai)I('  hy  the  acti<»ii  of  the  ptvcnior.  I»iit  tin-  niii- 
rnrmity  of  tin-  load  ami  tin-  st<>atliiu'ss  of  the  stt-ain  |»i«->»iirf  i*i'^trii-t<Hl 
the  point  of  ('lilting  oil"  within  v«iy  narrow  liinit-. 

Tlu'  iH'onoinv  of  tin-  perfonnaiice  in  the  «Iilfrrcnt  i\|Mriini'nt>  luav 
Ik"  eoinpared  for  the  total  horse-power  and  for  the  net  iioi>4'-|Miwer 
developetl  hy  the  engine,  the  units  of  heat  eonMinie<l  jwr  hour  |mv 
liorse-|M>wer  U-in;;  taken  as  the  inwLsure  of  the  e<"ononiy.  'V\\v  total 
horse-power  repres«'nts  the  entire  dynaniie  vWWi  «»f  the  steam,  iiirlnd- 
ini;  overcoming  the  external  load  and  the  internal  rcsi>ian«-c  ol"  thc^ 
hack  pressure  apiinst  the  piston  an*l  all  the  fri<'tion  resistiin«>e>.  Tlie 
net  hors<'-p<»w»-r  rcprescnt>  that  [wtrtion  of  tin-  entire  dvnamic  v\\W{  of 
the  steam  whi<h  is  cxinndiil  in  oven*omin^  the  external  l»md  an«I  the 
friction  «)f  that  load  ;  it  is  exclusive  of  the  dynniiik*  eflWt  px|H'I»KiI 
in  overcomiiii;  the  inti>rnal  iTsistance  ot'  the  hack  pn'ssun*  a^iin-t  the 
piston,  and  of  the  frii'ti(»n  of  the  nnloade«I  engine.  The  n«t  horse- 
power is  the  only  portion  of  the  dynamic  etlivt  of  the  stwuii  which  is 
conimereially  valuahle,  and  its  j;ix':»ter  or  !<»«  cost  is  the  «>nly  e*\>noiuic 
prohlrm  in  this  relation  t«)  the  user  of  sti':un  |M>wer. 

f)f  the  rroitomjf  diu-  to  Ihr  tlijf'rrfnt  iiu'tijfuirn  of  (-.ryxiNxiori  with  trhirh 
thf  utatm  JHM  uj<t'<l.  In  the  c:u4e  i»f  exiKriments  ,t.  />  and  C,  whert- 
there  was  no  steam  pn^sent  in  the  cylinder  jackets  or  pi-ton.  the  -team 
was  expan<le<l  rj;}l>7.S  times  in  experiment  vl,  and  7*JHi:i.l  linjos  in 
experiments    />'  and    C.     Now  as  ox|H>riniont   C  \yu»   a  n>|>etitif>n  of 
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experiment  B,  the  mean  of  the  economic  results  of  the  two  may  be 

taken  as  the  cost  of  the  power  in  units  of  heat  consumed  per  hour. 

^.  r  .1  wii  •  /26143-/1461  +  25621-4174  \ 
That  mean  for  the  total  horse-power  is  I j- =  j 

25882-4317  units.     The  cost  of  the  total  liorse-power  in  experiment 

A  was  26731*8267  units  of  heat  consumed  per  hour;  hence,  for  the 

total  horse-power  under  the  conditions  of  these  experiments,  expand- 

,      ,         loon^Q.-                   /26731-82(37— 25882-4317x100        \ 
the  steam  12-3978  times,  gave  / _______ =  j 

3-2817  per  centum  less  economy  than  expanding  it  7*9033  times. 

Making  the  same  comparison  for  the  net  horse- power,  we  have  for 
its  cost,  as  the  mean  of  the  experiments  B  and  C, 
/32440-2587  +  31735-4286_\ 

32087-8436  units  of  heat  consumed  per  hour,  the  steam  being 
expanded  7-9033  times.  In  experiment  A,  in  which  the  steam  was 
expanded  12-3978  times,  the  cost  of  the  net  horse-power  was  37285- 
-6168  units  of  heat  consumed  per  hour;  hence,  for  the  net  horse- 
power under  the  conditions  of  these  experiments,  expanding  the  steam 

.oon-o.-  /37285-6168— 32087-8436X100      X.n.^uoc 

12-3978  times  gave/ =  J 16-1986  per 

^       V  32087-8436  / 

centum  less  economy  than  expanding  it  7*9033  times. 

In  the  case   of  experiments  E  and  F,  where  steam  was  present  in 
the  cylinder  jackets,  but  not  in  the  piston,  the  steam  was  expanded 
A  10-8259  times  in  experiment  E,  and  5*7037  times  in  experiment  F. 
%   The  cost  of  the  total  horse-power  in  experiment  JS"  was  19452-7617 
units  of  heat  consumed  per  hour,  and  in  experiment  i^  20230-7613 
units ;  hence,  for  the  total  horse-power  under  the  conditions  of  these 
•experiments,  expanding  the  steam  10*8259  times  gave 
/20230-7613— 19452-7617  X  100_\ 
\  20230*7613  / 

3.8456  per  centum  more  economy  than  expanding  it  5*7037  times. 

Making  tlie  same  comparison  for  the  net  horse-power,  we  have  for 
its  cost  in  experiment  E  25542*3868  units  of  heat  consumed  per  hour, 
and  in  experiment  F  24223-0957  units;  hence,  for  the  net  horse- 
power  under    the    conditions    of   these   experiments,   expanding    the 

in  QO^Q  f  /25542-3868-242*23-0957Xl00     \  .  , ,,. . 

steam  10*8259  times  arave  I =  1 5*4464 

V  24223*0957  ) 

])er  centum  less  economy  than  expanding  it  5*7037  times. 
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In  the  ca'ie  of  «xporiiiMMits  (r,  II,  I,  ./,  A'  ami  L,  wlion-  .st«im  w:l-» 
juvseiit  ill  tlj«;  (vliii(l«r  ja<l«'ts  aii<l  in  the  piston,  the  stejiin  wji- 
expandeil  a  dilU'rent  niiinlK;r  of  times  in  eufh  ex|M'riineiit,  varvini; 
from  o*70;>7  to  l(>-M2ol>  tinus.  The  folNtwiiij;  tahh-  shows  th«'  rehi- 
tive  costs  of  the  total  hoi'sc-iMiuer  ami  of  tin*  in-t  horso-|M»\ver  f<»r 
thc-c  (litfcnnt  measures  of  expansion  in  units  of  h«»t  ("onsume*!  jK-r 
hour,  Jtssuming  for  uiiitv  tin*  <*«»st  of  the  hoivtf-|M»wcr  with  thf  st«iiii 
•  •xpaiuletl  .">-7().'}7  tim»'s. 

IifsiKiiiition  NHinl'er  ..f  times      j{p|^,|^.g  ^^tsuf  tlu-  horH-iM.wi-r  in  iinil- 

"I  *-x|HTiiiii-iii  ,    ,  of  heiit  cttiiHiinii-u  per  luuir. 

'  fXli.llKlol.  "^ 


Totiil  hon«c'-|M»wtT.       Nrt  ln(rxt'-|K>wt*r. 
L>  .5-7037  IMMKIO  ICMMtd 

A'  r)'8(;7(»  (»-im;;J!i  niHii'.i 

I  (J-41H2  0l>7rJ  ()!>7")S 

/  i;-.S471  (H»(j92  (>-5»7;»7 

//  ~i\)OX\  OWN  4  ()«»711t 

<i  1(I-S2')!»  (»•!»!!•!•  t»-}>}»S| 

The  <;eiienil  results  as  re<;anls  the  (lilli-rent  measures  of  ex|»an>iitii 
with  which  the  steam  was  useil  are:  \>{.  That  with  siitunite<l  >t»':»m. 
-team  jacketing;  all<>\v>  a  ^resiter  jpiiii  t<»  he  realizi'<l  with  lar^e  m»ti- 
-iiies  of  expansion  than  ••Jin  U'  had  with<»ut  stejiin  jacket in)_'.  in 
fither  words,  expansion  can  heneficially  he  c;irrinl  farther  with  *t«:iiii 
jacketing  than  without.  "J*!.  That  with  -team  jacketing  iindtr  tli< 
conditions  oi'  tlu-se  ex|>eriment>  the  total  liorse-jK^wer  is  ol)taine<l 
with  slightly  incn-asing  i'<'«>noniy  as  the  inejisnre  of  exiKin^ion 
increases;  hut  that,  on  the  contrary,  a  small  economic  lt»ss  is  exp'ri- 
eiiced  as  reg*ards  the  net  horse-jMiwer  with  eaeii  iiicrt^se  of  the  nie:isure 
of  expansion  iH-yond  alxmt  •">J  liiiK's. 

Without  steam  jacki'ting  ami  using  siluniteil  >ii;itii.  ;ni  ...•ii'.iMi< 
lovs  was  su>taiiu'«l  tor  l»oth  the  total  ami  the  net  hors«'-power.  small 
tor  the  first  and  large  for  the  last,  when  the  mejisure  of  e\|i:uisiou  wa« 
increased  from  7!M).S.'>  to  r2".'5!»7S  tinie>. 

In    conneitiou    with    steam    jacketing    and    iliHen'ut    me:i>urc>    oi 
xpansion.  it  will  W  ohservitl  that  the  per  <vntum  of  the  steam  evap- 
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orated  in  the  boiler,  condensed  in  the  steam  jackets,  increased  regularly 
as  the  measure  of  expansion  increased,  rising  from  4*6050  per  centum 
when  the  steam  was  expanded  5'7037  times  (experiment  L)  to  6*4641 
when  the  steam  was  expanded  10*8259  times  (experiment  G).  This 
was  as  it  should  be,  the  greater  cylinder  refrigeration  accompanying 
the  greater  measure  of  expansion,  must  necessarily  draw  from  the 
steam  jackets  a  greater  proportion  of  heat.  The  fact  that  the  jackets 
furnish  a  reservoir  of  heat  for  counteracting  the  greater  cylinder 
refrigeration  due  to  the  greater  measures  of  expansion,  allows  these 
greater  measures  to  be  more  economically  beneficial  with  steam  jack- 
eting than  without  it,  as  shown  by  the  experiment. 

The  results  of  these  experiments  show  that,  as  regards  economy  of 
fuel,  there  is  no  gain  in  a  variable  cut-off  actuated  by  the  governor  of 
the  engine  between  the  limits  of  expansion  employed.  The  variable 
cut-off  in  these  cases  was  only  useful  for  the  graduation  of  the  power 
Avhich  it  probably  accomplished  somewhat  more  promptly  than  could 
have  been  effected  by  connecting  the  governor  with  a  throttle  valve. 

It  is  necessary  to  here  caution  the  reader  that  the  condition  of  con- 
stant piston  speed  in  the  same  cylinder,  under  which  these  experiments 
were  made,  is  exceptionally  favorable  for  obtaining  relatively  the 
highest  economic  results  for  the  greater  measures  of  expansion.  This 
uniformity  of  piston  speed  was  maintained  by  the  action  of  the  spare 
duplicate  engine  connected  on  the  same  shaft  and  supplying  the 
complement  of  power  for  equal  speed,  let  the  power  of  the  experi- 
mental engine  vary  as  it  might  owing  to  the  variations  in  the 
measures  of  expansion  with  which  the  steam  of  the  same  boiler  pres- 
sure was  used. 

In  regular  practice,  with  the  same  cylinder,  a  constant  boiler 
pressure,  and  a  constant  load,  the  piston  speed  decreases  as  the  measure 
of  expansion  increases,  because  the  piston  pressure  becomes  corres- 
pondingly less  and  less.  The  w'eight  of  steam  condensed  in  the  cyl- 
inder per  hour  in  addition  to  the  condensation  due  to  the  development 
of  the  total  power,  and  caused  by  the  variations  in  the  temperature  of 
the  interior  metallic  surfaces  of  the  cylinder  during  a  stroke  of  the 
piston,  being  nearly  constant  in  these  cases,  while  the  weight  of  steam 
evaporated  per  hour  in  the  boiler  is  smaller  and  smaller  as  the  power 
becomes  smaller  and  smaller,  the  steam  condensed  in  the  cylinder 
becomes  necessarily  a  larger  proportion  of  the  steam  evaporated  in  the 
boiler,  and  the  economy  of  the  performance  correspondingly  decreases 
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witli  every  iii<r<'iu-«e  in  tin-  iiica-iin'  «•!'  t\|»an-i<»ii.  Ihul  tla-  tx|KTi- 
ments  heen  made  muler  these  UMav<»i»lal)l<'  r<)ii<liti«»ns  of  regular  pra*-- 
tiee,  the  eeoixtiiiic  results  of  the  jjreater  niesisures  of  e.\]>ausii»n  wnuM 
have  heeii  niiich  los  than  they  were  There  wouM  have  |»r<tl»al»ly 
been  souie  loss  in  econorni<'  etli-ct  for  the  total  hoiN«<'-jM>\\xr,  and  cer- 
tainly a  marked  lo>^  for  tin-  net  horse-|»u\\ir  in  all  the  cji.ses  where  th«* 
measure  of  expansion  exceeded  tli«'  lowest  einploye<l,  namely:  O-To.'h 
times,  ll'  we  soek  to  preserve  the  economic  ettect  of  tli<'  higher 
meiisuren  of  expansi<»n  when  a  constant  j>iston  sjkhkI  is  niaintaini-*!,  I»y 
preserving  that  speed  in  a  cylintler  of  c(»rres|M>nding  size  to  give  the 
same  development  t»f  |>ower  with  constant  load  an<l  the  siuiu;  Intiler 
pressure,  there  still  results  the  larger  condensation  of  steam  |Mr  h<»nr 
in  the  larger  cylinder  due  to  the  grejiter  extent  of  its  interior  surfaifs. 

Of  the  ccoiunni/  da*'  to  stcma  of  flu:  boihr  jirtxxnrf  in  t/n-  ciilinih r 
juckdH  and  pittto)i.  To  ascertain  the  economic  gain  due  to  steam  jack- 
eting the  cylinder  and  piston  with  steam  <»f  the  lK»iler  pressure,  the 
cost  oi  the  total  horse-power  must  he  compare<l  in  the  case  of  the 
jacketing  with  the  similar  c(»st  in  the  case  of  no  jacketing,  taking  <':ire 
that  in  hoth  cases  the  initial  steam  pressure  <»n  the  piston  and  the 
mean  Kack  pressure  against  it,  \\\v.  measure  of"  expansiun  with  whiih 
the  steam  was  used,  the  speed  of  the  piston,  and  the  total  hMr>e- 
power  develo|)ed  liy  the  engine,  are  ahont  the  same. 

For  the  dettrmination  witluuit  •iteam  in  the  cylinder  jackets  and 
jtiston,  we  have  the  mean  of  experiments  11  and  (',  giving  for  the 
initial  pressure  on  the  piston  7r()4-IO  pounils  jK'r  s<^piare  inch  alK>ve 
zero,  for  the  back  j>ressine  ag-ainst  the  piston  .'Ml 70  pounds  |ht 
s<[uare  inch  above  zero,  tor  the  measure  of  exi>ansion  with  whi<h  the 
steam  was  usetl  7"}>0.'».')  times,  for  the  s|>eed  of  tiie  piston  45»'J(Mi;{ 
double  strokes  per  mimite,  ami  for  the  total  horse-|)ower  develo|H.Hl 
144-02.i8. 

For  the  iletermination  with  >team  in  the  cylinder  jackets  and  pi-t<>n. 
we  have  the  results  ot"  the  «-innpanible  i'X|Mriment  dl  in  which  the 
initial  pri'ssin-e  mi  the  piston  was  7l*"Jti!>(i  |>ounds  |)er  sipiare  inch 
above  zero,  the  back  pressure  against  the  piston  .i-loHO  |H)unds  jn-r 
s(piare  inch  above  zert>,  the  mejusure  of  ex|)ansion  7*5>0:;:!  times,  the 
speed  of  the  piston  ol'Oi^Sl  double  strokes  |>er  minute,  and  the  total 
horse-power  151*o(>74. 

The  mean  of  experiments  B  and  ('  gave  I'or  the  (i»-t  of  the  total 
horse-power  2oS8li-4.'jl7  units  of  heat  consumtnl  |)er  hour.  Kx|H'ri- 
Whole  No.  Vol.  CXI.— (^Third  Series,  Vol.  Ixxxi.)  2S 
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ment  iJgave  for  the  cost  of  the  total  horse-power  19381'3170  units 
of  heat  consumed  per  hour ;  consequently  steam  jacketing  the  cylin- 
der and  piston  produced  an  economic  gain  of 

/  25882-4317— 19381-3170X100  ^  \ 
V  25882-4317  / 

25-1179  per  centum. 

It  is  to  be  regretted  that  the  experiments  without  steam  jacketing 
■were  not  more  numerous  and  made  with  more  varied  measures  of 
expansion,  so  that  a  greater  number  of  comparisons  might  have  l^een 
obtained  with  the  experiments  in  which  steam  jacketing  was  employed. 
The  want  of  more  comparable  experiments  may  be  supplied,  but  not 
with  strict  accuracy,  by  comparing  the  mean  of  the  results  given  by 
experiments  A,  B  and  C,  in  which  there  was  no  steam  in  the  cylinder 
jackets  and  piston,  with  the  mean  of  tlie  results  given  by  experiments 
G  and  H,  in  which  steam  of  boiler  pressure  was  in  the  cylinder  jack- 
ets and  piston,  the  average  measure  of  expansion  for  experiments  A, 
B  and  C  being  almost  exactly  the  average  for  experiments  G  and  H. 

The  mean  results  of  experiments  A,  B  and  C  are :  initial  pressure 
on  the  piston  71-3507  ])ounds  per  square  inch  above  zero,  back  pres- 
sure against  the  piston  3-0733  pounds  per  square  inch  above  zero, 
measure  of  expansion  9-4015  times,  speed  of  piston  49-4423  double 
strokes  per  minute,  total  horse-power  developed  by  the  engine  128- 
•4708,  and  units  of  heat  consumed  per  hour  per  total  horse-power 
26165-5634. 

The  mean  results  of  experiments  G  and  H  are :  initial  pressure  on 
the  piston  71-8300  pounds  per  square  incli  above  zero,  back  pressure 
against  the  piston  3-0588  pounds  per  square  inch  above  zero,  measure 
of  expansion  9-3646  times,  speed  of  piston  50-7483  double  strokes  per 
minute,  total  horse-power  developed  by  the  engine  135-4667,  and 
units  of  heat  consumed  per  hour  per  total  horse-power  19190-6949. 

From  the  above  data,  steam  jacketing  the  cylinder  and  piston  pro- 

,       T  ...    /26165-5634— 19190-6949X100       \ 

duced   an   economic   gam    ot     I =  | 

"^  V  26165-5634  / 

26-6566  per  centum. 

Inasmuch  as  during  the  previous  experiments,  tliose  made  with 

steam  of  boiler  pressure  in  the  cylinder  jackets  and  piston  had  tlie 

advantage  of  a  slightly  greater  piston  speed  over  those  made  without 

steam  in  the  cylinder  jackets  and  piston,  the  economic  gain  due  to  the 

former  over  the  latter  may  be  taken  at  25  per  centum. 
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In  expori incuts  G  and  JI  tljcre  wore  dniinc*!  from  tlit-  ivlimljT 
jiu-kets   aIon<,'    1. =:  l   4''tb(l<  jn-r  «'«-ntuin  ot  the  water 

•1111             1  i-        *i       •  .        I       /l-.'J417-l-22o4     \ 
vaporizcu  m  iIk- hoilcr:  ami  troni  the  jn.ston  aloncl =:  I 

1*2835  per  centum  «»f  tin-  water  vap<>riz<Ml  in  the  Ixtil^-r,  making  a 
total  of  (4"J>0o7— l*28.)o=i  <]'2442  per  (tiiitnin.  of  which  ronn<lly  on*- 
Hfth  was  contributed  l*v  the  piston  and  four-tifths  l»y  the  cylinder 
jackets,  being  ahnost  exai-tly  in  the  proportion  f»f  the  steam  ja«'kete«l 
surfaces  of  the  piston  to  th*-  <t<'Mm  ja<*kete'd  surfaces  <A'  tlie  cylinder, 
showing  that  pt.-r  unit  of  surface  the  jacketing  of  thf  piston  gavt-  about 
the  same  cun<lensation  as  the  jacketing  of  the  cyjin<ler. 

If,  from  the  weigjit  (»f  Ui'*\  water  i>ump<Hl  into  the  boiler  in  ex|)eri- 
nient  //  there  be  <ledu<ted  the  w(Mi:ht  of  water  of  «-ondcn-ation 
drained  from  the  cylinder  jaekets  and  ))iston,  there  will  remain 
2448*4284  pounds  of  water  wlii<'h  entered  the  cylinder  jM'r  hour  in  the 
form  of  steam  containing  27«)<MJ()H1421  units  of  heat,  so  that  the  total 
liorse-j>ower  in  that  experiment  cost  ls21o*7.*>!>o  units  of  heat  exclu- 
sive of  the  units  in  the  steam  supplying  the  cylinder  jacket-  and 
j)iston. 

("om]>aring  this  result  with  the  mean  co-t  of  the  total  hor-c-jxtwer 
in  units  ot'  heat  consumed  j)er  hour  durinir  ex|M.>riments  li  and  V 
(25882*4317  units),  in  which  there  was  no  steam  in  the  cylinder  jackets 
and  jMstoii,  there  is  found  an  e<'onomi«'  gain  of 

/258S2-4317— 18213-73t)5xH)(>  ^\ 
V  25f<82-4317  / 

21)"r)29(^  per  centum  for  the  steam  jacketing,  showing  that  the  cnden- 
sjition  in  the  steam  cylimler  during  ex|Mriments  />  and  <' excite  Kil 
that  in  experiment  II  by  at  lea<t  2}«'G21M)  per  <entum  of  the  ftMij 
water  pumped  into  the  boiler.  The  e<,*onomy  etteoteil  by  the  -tiam 
jacketing  rcsidte<l  entirely  from  this  gii'at  lessening  of  the  enormous 
cylinder  conden.sation  which  always  takes  place  in  small  ••ylinders 
using  .satunited  steam  with  large  measures  of  expansion. 

In  experiment  //  a  condensation  in  the  steam  jackets  of  G'0244  jkt 
centum  of  the  steam  evapoi-at«il  in  the  boiler  preventer!  a  condt-nsat ion 
in  the  cylinder  of  2!'*«»2JM)  j)er  centum  of  the  water  evai>or:it<il  in  the 
lM)iKr.  riiis  condensjition  in  the  jackets  include<l  not  only  the  he:it 
imparted  to  the  interior  surfaces  of  the  cvlinder.  but  aUo  the  heat  h>st 
by  nidiatinii    tVom    the   exterior  surfaces  uf  the  cylinder  jacket:*.     As, 
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these  latter,  liowever,  were  thoroughly  protected  by  a  covering  of  non- 
coiKlueting  materials,  the  loss  from  that  cause  must  have  been  quite 
insignificant ;  bnt,  whatever  it  was,  a  part  of  it  should  be  deducted 
from  the  6"0244  per  centum,  because,  had  there  been  no  steam  jackets^ 
there  would  have  been  some,  bnt  less,  radiation  from  the  exterior  sur- 
faces of  the  cylinder ;  less,  because  the  exterior  surfaces  of  the  cylin- 
der and  the  steam  pressure  within  it  are  less  than  for  the  jackets. 

Again,  under  the  conditions  of  ordinary  practice,  the  steam  jacket- 
ing would  have  given  a  slightly  greater  economy  than  in  these  experi- 
ments, because,  in  that  case,  the  water  of  condensation  from  the  jack- 
ets is  delivered  directly  into  the  boiler  with  nearly  the  temjjerature  of 
the  steam  in  the  latter  having  lost  therein  only  its  latent  heat;  while, 
in  the  case  of  the  experiments,  this  water  of  condensation  was  cooled 
down  to  about  the  feed  water  temperature  by  being  drained  into  meas- 
uring tanks  before  returning  to  the  boiler.  In  experiment  H,  every 
pound  of  the  Avater  of  condensation  drained  from  the  jackets  thus  lost 
about  231  units  of  heat ;  had  this  been  saved,  as  it  might  be  in  reg- 
ular practice,  the  economic  gain  by  the  steam  jacketing  w^ould  have 
l)een  increased  1*23  per  centum,  so  that  the  true  gain  in  fnel  in  regular 
practice  due  to  the  presence  of  steam  in  the  cylinder  jackets  and  piston 
would  have  been  about  26*5  per  centum. 

It  must  not  be  supposed  that  this  gain  is  absolute  and  the  same  for 
all  steam  engines ;  on  the  contrary,  it  is  relative  to  the  type  of  engine, 
to  the  proportions  of  the  cylinder,  to  the  dimensions  of  the  cylinder, 
to  the  initial  pressnre  on  the  piston  and  the  back  pressure  against  it, 
to  the  measure  of  expansion  with  which  the  steam  is  used,  to  the 
degree  of  superheating  the  steam  may  possess  on  entering  the  cylinder, 
to  the  proportion  of  water  entrained  by  the  steam,  and  to  the  speed  of 
piston.  In  brief,  the  gain  due  to  steam  jacketing  is  affected  by  all  the 
causes  which  affect  the  condensation  of  steam  in  the  cylinder  other 
than  the  condensation  dne  to  the  transmutation  of  the  heat,  thus  set 
free,  into  the  total  horse-power  developed  by  the  expanding  steam 
alone. 

Different  types  of  engine  require,  for  the  same  cylinder,  different 
space  in  the  clearance  and  in  the  steam  passage ;  they  also  allow  a  dif- 
ferent proportion  of  the  exterior  of  the  cylinder  to  be  utilized  for  jack- 
ets. Thus,  with  the  same  dimensions  of  cylinder,  the  area  of  steam 
jacketing  may  be  less,  and  the  area  of  the  internal  surface  of  the  cyl- 
inder, including  surfaces  of  clearance  and  steam  passage,  more  with 
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one  tyj)e  tliiiii  with  another,  in  whi«h  «u-<.'  -tcani  jaiketinL'  wouM  Ikj 
less  econoniiral  tlian  in  the  revei>e  ru-Je.  Other  thinjx^  e<jual,  the  pro- 
j)ortions  of  (ylliuler  w)ii<h  «liniini»;h  the  ^a'iu  <hie  to  stejini  jacketing 
are  those  whieh  enclose  a  given  spate  with  the  least  snjM-rtieie'. ;  for 
then  a  given  mass  of  steam  is  expose*!  to  the  lea^t  eondeii-ing  snrfa«*e. 
'Die  larger  the  dimensions  of  the  eylindei-.  other  things  e<jnal,  the  less 
the  gain  hy  steam  jacketing,  l>e«".m»e  the  mas>  of  steam  inere:L<es  an 
the  cube  of  the  dimensions,  while  its  enclosing  or  condensing  surfa<'e 
increases  as  the  square  only.  The  less  the  <lit!erence,  other  things 
erpial,  between  the  initial  pressure  on  the  piston  and  the  back  ju-i-ssure 
against  it,  the  less  will  be  the  gain  by  steam  jacketing,  a-^  this  differ- 
ence is  one  of  the  causes  of  cylinder  condensation.  The  greater  the 
degree  of  suj)erheating  posses"*e<l  by  the  steam,  other  things  equal,  the 
less  will  be  the  gain  due  to  steam  jacketing,  bec-au^e  there  will  In?  h'ss 
cylinder  condensation  for  the  jacket  to  act  «»n.  M'ith  a  degree  of  su|)er- 
heating  sufficient  to  prevent  condensation,  steam  jacketing  would  Ik? 
nugatory.  The  greater  the  j>roportion  of  water  entraine<l  by  the  steam, 
the  greater  will  be  the  economic  gain  by  steam  jacketing,  for  the  pre- 
sence of  water  in  the  cylinder  greatly  increases  the  cylinder  condensa- 
tifni,  as  it  has  to  be  boiletl  otf  during  the  expansion  and  the  exhaust 
strokes  largely  by  heat  taken  from  the  metal  of  the  cylinder,  and  this 
deficit  nuist  be  restored  l»y  the  entering  steam  which  to  that  extent 
tuidergoes  condensation.  The  greater  the  si)ee<l  of  the  piston,  other 
things  Cipial,  the  less  will  be  the  gain  by  steam  ja<'keting :  for, 
althongh  the  weight  of  steam  condense<l  per  hour,  in  the  s;une  cylin- 
der, nndei"  this  condition,  may  1k»  nearly  the  sjune  with  all  sjmimIs 
of  piston  within  ])r:ictical  limits,  yet  as  the  mass  of  steam  j>a>sing 
through  the  cylinder  in  a  given  time  will  be  in  dirivt  proportion  to 
the  j)iston  speed,  the  cylinder  condensition  will  Im'  corn-spondiugly 
reduced  in  i)rop<»rtion  to  the  boiler  evai>oration  ;  for  exampK',  it",  with 
a  given  speed  of  piston,  the  <'onden-ation  was  *Jn  jwr  centum  of"  the 
steam  evaporated  in  the  boib-r.  then,  with  the  |)i-«ti>n  sp».,',l  donlth><l, 
this  condens:itiou  would  fall  to  lo  per  centum,  pri»vid«'«l  alway-  that 
the  metal  of  the  cylintler  transmitted  the  jacket  temperature  to  the 
interior  surfaces  of  the  cylinder  as  rapidly  as  the  steam  c-ame  upon 
them.  If  this  transmission  was  slower,  then  the  ri»<lnction  in  the  [kt 
centum  of  the  condensiUion  wouKl  not  In?  so  great. 

((f  tilt'   I'comvni/  due  to  stann  of  f/w  boiler  jtresitiire  in  the  ci/fiiider 
jackets  afone  —  not  in  the  jti,ston.     We  have  alivady  a.sf'ortaincil   the 
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economic  gain  due  to  the  presence  of  steam  of  boiler  pressure  in  the 
cylinder  jackets  and  in  the  piston ;  there  remains  to  determine  this 
gain  for  the  piston  alone.  The  committee  should  have  made  a  direct 
experiment  for  the  purpose  of  ascertaining  the  economic  efficiency  of 
the  steam  jacketed  surfaces  of  the  piston,  by  leaving  the  steam  out  of 
the  cylinder  jackets  and  experimenting  with  it  in  the  piston  alone. 
Instead  of  this,  they  deducted  the  economic  results  when  using  steam 
in  the  cylinder  jackets  alone  from  those  obtained  when  using  it  in  the 
cylinder  jackets  and  piston  combined.  This,  indeed,  showed  how 
much,  in  the  particular  experimental  case,  the  extension  of  the  steam 
jacketing  to  the  piston  aifected  the  economic  gain,  but  it  could  not 
show  the  efficiency  of  the  jacketed  surfaces  of  the  piston,  per  se.  As 
an  illustration  of  the  fact  at  issue,  suppose  that  the  cylinder  jackets 
alone  were  able  to  jsrevent  or  nearly  prevent  any  condensation  in  the 
cylinder,  then  it  is  obvious  that  the  addition  of  the  jacketed  surfaces 
of  the  piston  could  have  produced  no  additional  effect;  but,  if  the 
cylinder  jackets  still  left  a  considerable  cylinder  condensation,  then 
the  additional  jacketed  surfaces  of  the  piston  Avould  have  proved  very 
efficient. 

The  strictly  compara])le  experiments  for  determining  the  efficiency 
of  the  steam  jacketed  piston  in  combination  with  the  steam  jackets  of 
the  cylinder  are  U  with  G,  and  F  Avith  L.  In  JE  and  F,  only  the  cyl- 
inder jackets  were  in  use ;  in  G  and  L  they  were  in  use  in  combina- 
tion with  steam  in  the  piston. 

In  experiment  F  the  total  horse-power  cost  19452"7617  units  of 
heat  per  hour;  in  experiment  G  it  cost  19000*0728  units;  conse- 
quently, the  addition  of  the  jacketed  surfaces  of  the  piston  to  those  of 
the  cylinder  increased  the  economic  gain 

/19452-7617— 19Q0Q-Q729  X 100  ^\ 

V  19452-7617        ~~  / 
2"3271  per  centum. 

In  experiment  F  the  total  horse-power  cost  20230'7613  units  of 
heat  per  hour;  in  experiment  L  it  cost  20653*5712  units;  conse- 
quently, the  addition  of  the  jacketed  surfaces  of  the  piston  to  those  of 
the  cylinder  decreased  the  economic  gain 

/20653-5712— 20230-7613X100  ^\ 

V  20230-7613  / 
2-0899  per  centum. 

The  differences  from  the  two  sets  of  experiments  being  in  opposite 
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(lircctioiis,  altoiit  ('(Hial,  ami  -luall,  -liow  tlii'iii  to  r«*>Mlt  iVoin  L-rrors  of 
observation,  aii<l,  a-  tln-y  lu-iitrali/*'  wu-li  otin  r,  the  eonclu.sion  is  war- 
ranted that  the  achlitioii  of  the  >team  ja«k<'te<l  >tirfa<'es  «»f  the  pi.-ton 
to  those  of  the  <  vlincKr  protlueed  no  sensiljle  etiert.  As  a  corolhirv  to 
this  tliere  foMows  that  tlie  «  vlintler  jackets  alone  were  efficient  enough 
to  prevent  all  or  nearly  all  the  cyliiuler  condensation,  leaving  the 
j)iston  jackets  nn<ratory. 

VVe  aie  here  met  with  the  fart  that  the  weij/ht  of  water  c»f  con«lensa- 
tiuii  (jiainid  I'loin  the  piston  and  fr<tni  the  cylinder  jaeket-  in  tx|MTi- 
iinnt  a  have  the  relation  of  |-(MKI()  to  'J".Sl7t»,  and  in  i'.\|M'rinient  L 
the  relation  of  l'(KKH)  to  ;i-»;.");{!»,  >howin^  a  <rre:iter  ai>straction  of  lutit 
|M  r  unit  of  surface  from  the  |»i>ton  than  from  the  cylinder  jaekets,  and 
this  heat  must  have  l)een  transferre<l  to  somethin<:.  Now,  :ls  the 
cx|»eriments  show  it  was  not  us*.-*!  to  prevent  cylinder  condensjition,  it 
must  have  heen  condueted  away  hy  the  pi<ton-r<Hl  \^hieh  was  in  metal- 
lie  contact  with  the  piston,  extendiiiir  tVom  tli<-  latter  in  l»oth  dire<-tions 
throiitih  l)oth  end>  of  the  cyliiuK-r,  and  thence  into  the  fr«-e  air,  one 
end  ot'the  piston-nnl  heinir  in  metallic  contact  with  a  crosshead.  This 
lod  nndouhtedly  transferred  the  heat  from  the  pi-ton  jackets  to  the 
external  air,  and  thus  eaii-ed  the  ol»M.-rve<l  condc-n-ation  t.l"  -tetim 
within  them. 


Railway  Alarm-Whistle.  — In  order  to  prevent  a  ti-ain  pa-v-in^ 
a  dauiier  -i^nal  diuiiii:  a  foir  oi-  snow-storm  without  U'in*;  stt-n  hy  the 
engineer,  tlie  Southern  Itailway  Company  of  Fnuice  have  attacheti  to 
the  locomotive  a  steam  whi>tle,  which  i-^  controlletl  hy  the  sii.Mial.  The 
whistle  is  e(»nne<'ted  with  an  insulate»l  metallic  hrush  phu-tHl  umier  the 
engine.  IJetween  tlu'  rails  there  is  a  projtrting  contact  l>;ir,  faceil  with 
eo|tpcr,  which  is  swept  l»y  the  hrush  when  the  tniin  p:isses,  Thi-  ci»n- 
tatt  piece  is  connecteil  with  the  j»ositive  jH»le  «>f  a  voltaic  Iwitterv,  the 
negative  pole  of  which  is  in  conuuunic:ition  with  a  commutator  on  the 
signal  pi»st,  from  which  a  wire  leads  to  the  ground.  When  the  signal 
is  "  line  clear"  the  passage  of  the  hrush  over  the  fixnl  iitnta«'t  prv»- 
duccs  no  result ;  hut  when  the  signal  marks  "danger,"  the  ettmmu- 
tator  hrings  tlie  negative  pole  «»f  the  knttery  in  dinrt  <-«imnutnic:ttion 
with  the  ground,  and  when  tlu-  hru-h  pa-^^'s  over  the  contact  the  o»m- 
pletion  of  the  cKctric  current  c:ui-e>  the  whi-tle  to  l»e  sound»^l.  -<>  a> 
to  alarm  the  ilriver. — L'lnr/iii.  L'nir,  ' 


440  Camjibell — The  Flight  of  Birds.       [Jour.  Frank.  Inst. 


THE  FLIGHT  OF  BIRDS  AND  THE  MECHANICAL 
PRIXCIPLES  INVOLVED. 


By  A.  C.  Campbell. 

The  flight  of  birds  has  always  been  a  favorite  subject  of  inves- 
tigation, and  the  conckision  has  ever  been  that  it  is  a  feat  of  great 
strength. 

The  apparent  ease  and  the  swiftness  with  which  the  bird  moves  through 
the  air  cannot  have  failed  to  excite  a  spirit  of  wondering  in  the  mind 
of  the  acute  observer.  How  does  he  contrive  to  sustain  himself 
against  gravity,  and  how  is  it  that  he  can  acquire  such  great  speed  by 
means  of  the  appliances  at  his  command  ? 

Are  there  not  some  hidden  mechanical  principles  involved  in  his 
flight  that  lighten  his  task  ? 

Before  endeavoring  to  give  the  philosophy  of  flight,  we  will  con- 
sider some  of  the  mechanical  effects  and  properties  of  the  atmospheric 
air  as  a  medium  through  which  the  bird  wings  his  M^ay. 

The  air,  as  we  know,  has  weight  and  so  it  has  inertia.  It  has 
perfect  elasticity.  Air  in  motion  imparts  its  inertia  to  any  object 
impeding  its  movement,  and  so  arises  what  is  understood  as  the  force 
of  winds. 

It  is  a  known  law  of  wdnds  that  their  pressure  or  force  varies  with 
the  square  of  their  velocity.  Winds  having  velocities  of  7,  14,  21, 
41,  61,  82  and  92  miles  per  hour  exert  pressures  respectively  ])er 
square  foot  of  0-2,  0'9,  1-9,  7-5,  16-7,  30*7  and  37'9  pounds.  From 
which  we  may  conclude  that  a  plane  surface  of  five  square  feet, 
facing  a  wind  of  seven  miles  per  hour,  would  receive  a  pressure  of 
one  pound.  And  the  result  would  remain  the  same  if  the  j^lane  were 
moved  at  the  rate  of  seven  miles  per  hour  against  the  air  at  a  stand- 
still. Five  hundred  square  feet,  in  like  manner,  would  support  a 
weight  of  one  hundred  pounds  and  descend  through  the  air  at  a  rate 
of  seven  miles  per  hour. 

Now  if  the  plane  be  inclined  to  the  direction  of  the  wind  or  force 
of  air,  there  would  seemingly  be  a  two-fold  diminution  of  pressure, 
namely  in  the  first  place  by  a  less  proportion  of  air  being  intercepted, 
and    secondly   on  account   of  a   less   proportion    of    pressure   l^eing 
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imparted.  I»iii  in  |»i;i<ti<»-  ii  i1<m-  not  Imld  true,  sim-c  all  <>t'  iIk-  par- 
ticles of  ail"  arc  ii<»t  tiiriMil  sliarj»ly  in  a  <lire<'tion  parallel  with  liie 
plane. 

After  iiiakin;:  many  attemjitx  tudi-eover  tlie  relative  pre-v-u re*  iijhmi 
j)lanes  of  variable  dejrreo  of  inclination  to  tlie  dirwtion  of  the  fore** 
of  air,  1  finally  lit  npon  tin-  fullowinjj;  simple  (h-vic<*  which  ^ave  very 
^o(»d  resMlt>.  I  <on<trncte«l  a  Kalancf  in  such  a  way  that  the  wind 
"would  take  efli'i't  npon  two  plane  surfac<'s  of  variable  areiu*,  and  sitn- 
ated  at  variable  distanco  from  the  fulcrum. 


1 V 


Kig.  1. 


In  the  adjoiniiiLT  li^ure  (1),  T'  T"' are  the  two  phuM^  ti\«tl  ii*  the 
lover  arms  A  //.  the  latter  U-insi  firmly  fixt^l  to  tin  spindle  O  hy 
hindinu:  screws.  The  spin<lle  revolve>  in  a  s,H"ket  made  in  the  lt>wtT 
lip  or  plate  /'.  and  pass<s  throui;h  a  -mall  h<»Ic  in  the  up|>er  plate  /* . 
The  spindle  has  jiertW't  iVii'doni  of  movement  an«l  is  ni«rly  Udanctnl. 

If  both  plaiiw  arc  the  simie  areji  (say   ten  s4|uaR'  incht^)  ai»«I  both 
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arm.s  the  same  length,  tlieii  there  are  two  positions  of  equilibrium 
(supposing,  all  the  time,  that  tlie  plane  F  stands  at  right  angles  to  the 
direction  of  the  wind),  namely,  when  both  planes  are  at  the  same 
angle  and  ^vllen  V  stands  at  an  angle  30°  with  the  direction  of  the 
wind.  In  other  words,  if  [A)  and  (.4')  represent  the  angles  which  F 
and  V  make,  respectively,  with  the  wind,  then  there  is  equilibrium 
when  U)  =  90°  and  {A')  =  90°,  also  when  {A)  =  90°  and  {A')  = 
30°,  and  this  appears  to  hold  true  for  variable  pressures  of  wind.  If 
{A')  is  made  greater  than  30°  the  pressure  upon  V  preponderates 
until  the  angle  of  about  42°  is  reached,  when  the  pressure  is  at  its 
maximum.  As  [A')  is  made  less  than  30°  the  jjressure  upon  F  pre- 
ponderates. 

The  relative  pressures  upon  the  two  planes,  when  (A')  is  varialjle, 
may  be  discovered  in  two  way.s,  namely,  by  adjusting  the  lengths  of 
the  lever  arms  until  equilibrium  is  attained,  when  the  pressures  would 
be  expressed  by  the  proportion  P  :  P'  :  :  L'  :  L.  Likewise  if  the 
arms  are  retained  constant  and  equal,  and  the  area  of  the  planes  made 
variable,  then  the  following  proportion  would  answer  P  :  P'  :  :  8'  :  8^ 
P  and  P'  representing  pressures  per  square  foot,  and  8  and  8'  the 
areas  of  the  planes. 

The  following  are  a  few  results  from  actual  experiment. 

I  fixed  a  plane  of  ten  square  inches  at  Fand  the  same  at  V ,  then 
adjusted  the  arms  at  various  angles,  and  moved  the  plane  V  along 
the  arm  L'  until  the  instrument  balanced  with  the  plane  F  standing 
normallv  to  the  wind. 


[A)  =  90° 

L  = 

19  inches. 

A'  =  30° 

i'= 

19      " 

A'  =  40° 

r= 

15      " 

A'  =  42° 

L'= 

14-5  " 

A'  =  45° 

L'= 

16      " 

Retaining  the  arms  at  a 

given 

lengl 

:h  and  ecpial,  the  following 

results  were  obtained 

V  =  10  sq. 

inches 

A  =  90° 

F  =  10  " 

a 

A'  =  30° 

V  =    9  " 

u 

.  A'  =  20° 

F  =    6  " 

a 

A'  =  15° 

If  a  plane  surface  of  one  square  foot  be  moved  normally  against 
the  air  at  the  rate  of  21  miles  per  hour,  the  pressure  or  resistance 
would  be   1*9   lbs.     If  the  plane  were  inclined  at  an  angle  of  30° 
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witli  tin-  iliivctifUi  of  it-,  iiinvtiiKiit,  iIm-  jire»-iirf  wuiiM  remain  tlie 
siiino,  l)iit  tin.'  I>ii»»yancy  a^aiii^t  g;ravity  woiiM  Ixi  expresswl  hy  1*9 
(■<w.  30*^  =  r«il  ll»s.  wliiN*  tli«-  horizontal  rej*i.>»tiince  wouM   lie  l'!»  -in. 

It"  tlio  plane  Im'  inclinetl  to  within  \'t  of  the  <lire<'tion  «»f  niove- 
Mieiit,  it  will  receive  a  normal  pressure  of  -jS-  of  ri»  ll>s,  ^  1-11  ll>>., 
114  -in.  15°  =  ()-2J».'i  11).,  114  c-r^.  lo"  =  \\  lb.  As  the  plane 
Itecomes  nearlv  par.illel  with  the  (lire<'tion  of  the  fortf  of  air,  a  h'>s 
proportion  of  it  U  inteir.  pt«  <|  and  imp;«rte<l.  hut  as  niiieh  .'u?  is  reeeive<l 
hy  the  plane,  the  greater  part  ;riv<-s  an  upwanl  hnoyaney,  while  a  very 
>mall  horizontal  resistance  is  otlere<l.  If  it  Ix.-  inelinetl  to  o"  then  the 
proportion  would  Im,-  horizon,  resis.  :  vertic-al   buoyancy  :  :   1   :   11*4.'}. 

A  bird  in  his  tli>;lit  moves  aj^iinst  the  air  with  sueli  vel«>city  that 
he  needs  to  make  but  little  etlort  to  sustain  hiniM'lt'  a^iinst  jjnivity, 
-o  allowing  the  j^reater  portion  <»f  his  strength  for  propulsion. 

.V  plane  moving  liorizontally  through  the  air,  an<l  with  -ueh  vel(H-- 
ity  and  inclination  that  the  compoiHiit  of  the  lifting  fore**  is  e(pial  to 
tin-  tone  of  gravity,  then  it  will  continue  to  move  in  the  sune  hori- 
zontal ilircction.  And  wc  may  say,  gencpally,  that  a  plane  moving  in 
any  direction  will  c<»ntiiuie  to  move  in  the  sime  dinvtion,  pn^vid^l, 
always,  that  the  component  of  the  force  of  air  at  right  angk-s  to  the 
path,  and  the  component  of  gravity  {ilf^>  at  right  angles  to  the  path, 
are  in  e<|uilibrium.  The  coni|K)Bent  of  gravity  pamllel  with  the  jKith 
will  accelenite  or  retard  as  the  plane  is  incline*!  downward  or 
upward. 

\'el(K'ity  is  |>ower  or  advantage  by  whatsoever  nieans  attainetl, 
whether  by  force  of  gravity,  bv  force  of  air,  or  (in  tin*  c:isc  of  the 
liird)  by  muscular  effort.  A  binl  moving  agjiinst  a  wind  derives  a 
two-told  advantage,  namely,  from  the  combineil  velocities  of  the  wind 
antl  hi-  bodilv  movenu'Ut. 


Fie.  J 


R 


^ 


Some    -trange    etViM-ts    of  the    force    <if  wind*    ari-r    fVmu  cMiMbintil 
movements. 
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Let  W  0  (Fig.  2)  represent  the  velocity  and  direction  of  a  wind, 
and  0  P  the  velocity  and  direction  of  a  plane  maintaining  a  position 
at  right  angles  to  its  path.  Let  a.  =  30°.  It  is  evident  that  such 
combined  movements  are  equivalent  to  a  movement  in  velocity  and 
direction  marked  by  0  B,  supposing  the  air  at  a  stand-still.  But  it 
has  been  demonstrated  by  experiment  that  a  plane,  holding  an  angle 
of  30°  with  its  path,  receives  the  same  normal  pressure  as  when  at  an 
angle  of  90°. 

0  R  =  2  P  0,  and  the  pressures  being  in  the  ratio  of  the  squares 
of  the  velocities,  would  be  as  1:4. 

The  angle  (a)  and  tlie  directions  0  P  and 
W  0  may  vary,  yet  the  demonstration  will 
hold  true,  provided  the  correct  value  is  known 
of  the  normal  pressure  upon  the  plane  at  the 
angle  (a)  to  its  resultant  path. 

The  vexed  question  of  the  ice  yacht  comes 
under  the  head  of  combined  movements.  Let 
W  0  (Fig.  3)  be  the  velocity  and  direction  of  a 
M'ind  taking  elfect  upon  a  plane  occupying  the 
position  0  R,  and  (a)  the  angle  between  W  0 
and  0  P.  Let  OP  be  the  path  of  the  plane. 
It  matters  not  whether  the  wind  move  against  the  plane,  or  the 
plane  move  with  the  same  velocity  against  the  air  at  a  stand-still.  It 
is  evident  that  if  a  jjlane  move  parallel  with  itself  it  will  encounter 
no  resistance  of  air.  Passing;  from  0  to  P  is  the  two-fold  movement 
O  TFand  OP.  But  TF  0  is  the  velocity  and  direction  of  a  wind 
which,  Avhen  substituted  for  the  movement  of  the  plane,  makes  it 
equivalent  to  the  plane  moving  from  0  to  P  in  the  same  time  that 
the  air  passes  from  W  to  0.  Likewise  with  O  R' ,  0  R",  0  R'", 
O  R"",  etc.  Every  possible  case  may  be  referred  to  the  parallelogram 
and  demonstrated  in  like  manner,  remembering  that  the  pressure  is  at 
all  times  normal  to  the  surface  of  the  plane. 

A  plane  at  an  angle  of  30°  with  the  direction  of  a  wind  receives 
the  same  pressure  as  when  at  90°,  but  if  R  represent  the  velocity  of 
wind,  R  sin.  o.  would  express  the  velocity  with  which  either  plane 
would  move  in  a  direction  perpendicular  to  the  plane,  supposing  no 
resistance.     R  sin.  90°  =  R.     R  sin.  30°  =  I  R. 

If  the  inclined  plane  move  with  the  wind,  of  course  the  velocity 
would  be  the  same  as  that  of  the  wind,  but  the  ])ressure  tending  to 


Fig.  3. 
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iii'^f    ili<-    |>Iaii<-    ill    tliat    ilir*<-tii)ii  woiilil    Im*   oiiolialf  of  that  taking 
tlf-ct  ii|>oti  the  iioriiial  plaiM-,  \vlii<|i  w  a«  it  hIioiiM  lie,  tfiiiec  only  oii«- 
lialf  JUS  iiiiH.li  air  i-  iiitt-n-t-ptnl  l»y  tin*  iiH-Iiin-*!  plain-. 

A  tor<-<.-  of  air  (-«tiiiiiig  in  ronta«'t  with  an  iiK-lincti  |>hine  i»  tnrniil 
with  the  phiiie,  un*l  S4»  hui-^  a»  thr-  font'  nmtiniKf  theix*  xx  a  •^tratiini  nt' 
air  )»a.s.sing  ilown  an<l  panilh'l  with  tiii*  Mirtaci-,  an<l  the  e«ui^tantlv 
a|i|ir<)a(liiii;;  air,  instead  of  (tuning  in  mntart  with,  and  ini|Kirtiiij  '- 
Www  directly  to  the  plant*,  en«-«»unter>»  an<l  iniiKtrt."  it-  f'ore«-  to  a  U  r 
air;  «m»  tin-  initial  font-  <»!*  air  i-  n-xdv*-*!  into  a  fon-e  of  pn?<iMin*  of 
an  «>la>tir  iiiMliiiiii  acting  at  all  tiiiio  normally  to  the  -nrfait.*. 

Vji\r\\  and  •very  partirli-  of  air  having  a  tvrtiiin  ipiantity  of  af^'umii- 
latotl  energ\'  will  impart  its  full  effeet  of  presxiin',  eitlnr  dire«'tly  i.r 
iiidin'<-tly,  gnidiially  or  ahrnptly,  providMJ  mu-Ii  partirh-^  are  tnrntil 
oil  a(-«>«innt  of  the  plane,  more  or  le?v<>  troni  their  initial  dire<tion. 

IImv  may  impart  their  etI<-<-t  dire<'tly  hy  coming  iui mediately  iii 
contaet  with  the  jdam-,  or  indiriftly  l»y  im|iarting  tlnir  pix-s^iure  to 
otiier  partieles,  an<l  tiny  in  turn  to  othtP'  or  a  writ-?!,  of  |t:irti<-les. 

I'hey  may  impart  their  I'fliit  gnidiially  hy  a  gmdiial  ehange  <.f 
dire<-tion,  or  ahriiptly  hy  an  ai»rupt  ehange  of  direetion.  The  (pian- 
lity  of  pn-s^uH'  impait*-*!  I»y  eviry  |t:irti<'lc  is  dc|ien«li-nt  u|)on  the 
degree  tif  change  ot'  dir«'<*tiou. 

It  is  a  principle  of  mechanics  that  any  fonw  or  font-?*  will  seek 
paths  (if  must  n*ady  nlicf,  and  the  principle  should  hold  true  in  the 
<  M>c  of  a  force  of  air  interctpti'*!  hy  a  surfa<v. 

A  particle  may  Ugin  to  change  fn»m  it."  initial  dini-tion  at  s<»nie 
distance  before  resiehing  the  plane,  and  alt4>getlier  then*  would  ix*  a 
«-ystem  of  arr:ingement  and  movement  of  the  pjirtieles,  arising  from 
the  jKUt  up  fonvs  seeking  jKiths  of  le:ist  n-sistaiux'.  Alter  the  system 
has  beeoine  thoroughly  estal»lislu"«l  there  is  a  constant  mininnim  pres- 
sure imparted  to  the  intervening  ol»j^-<'i. 

If  a  surtsu'e  lie  luought  in»t:intly  into  cross  s«vtiou  with  a  fonv  «»f 
air,  there  will  he  an  im|tulsive  foroe  im|>:irtitl  from  the  suddenly 
arrestiil  movement  ot*  tin-  <>o|umn  of  air  intinvptjxl.  Fn»m  this  there 
will  ari.si'  a  compressii»n  of  air  until  it.s  inertia  |Mrmit.s  it  to  i^'sip** 
froiu  the  surfaiv  antl  establish  the  system  of  movement  retVrrv^l  to. 
The  pressure  is  gre:»tly  augmente<l  but  of  short  duration. 

We  will  sup|H>s«.'  a  flow  of  air  to  ln'  |);issing  thnnigh  a  long  tuU-. 

Now,  if  the  dis4harging  t nd  l»e  suddenly  ch»s«<il.  the  air  coining  in 
contact  with   the  clos^tl  end  will   im|>tirt    its  inertia  at  omv,  while  the 
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air  throughout  the  length  of  the  tube  will  continue  to  move,  but  with 
a  diminished  velocity.  The  particles  nearest  the  seat  of  pressure  Avill 
be  more  rapidly  impeded,  while  those  more  remote  ^vill  suffer  only  a 
gradual  retardation.  At  the  instant  when  the  entire  column  is  at  a 
stand  still,  and  possessed  of  an  equilibrium  of  forces,  then  there  will 
be  a  maximum  of  pressure  at  the  closed  end,  ^yith  an  arithmetical 
diminution  of  pressure  toward  the  inlet.  There  will  be  a  gradation 
of  pressures  along  the  sides  of  the  tube,  the  same  as  the  compression 
of  air  throughout  its  volume. 

Now  it  is  evident,  if  the  air  were  not  confined  by  the  walls  of  the 
tube,  that  a  lateral  movement  would  take  place  in  the  direction  of  the 
strongest  pressure,  having  to  overcome  the  inertia  of  the  air  moved. 
This  lateral  movement  would  not  only  be  that  in  line  with  the  oppos- 
ing surface,  but  also  that  extending  in  all  directions,  acting  as  walls  in 
a  degree  like  the  walls  of  the  tube. 

The  moment  the  air  is  intercepted  that  portion  in  contact  Avith 
the  surface  makes  the  first  move  to  escape,  because  of  the  excess 
of  pressure  brought  to  bear  upon  it.  Then  follow  in  succession  por- 
tions of  air  more  distant. 

In  the  bird's  flight  it  is  an  object  to  prevent  this  too  hasty  escape  of 
the  compressed  air,  so  that  more  energy  may  accumulate  and  impart 
its  effect.  A  force  of  air  encountering  a  rigid  or  irresistible  surface  is 
turned  from  its  initial  direction  on  the  slightest  increase  of  pressure ; 
but  if  the  surface  be  elastic,  or  to  a  degree  non-resistant,  then  the  first 
imprint  of  jjressure  will  be  received  and  held  in  suspense  by  the  reced- 
ing parts  of  the  surface  until  the  more  distant  particles  of  air  have 
arrived  and  added  their  burden  of  energy. 

The  density  of  air  varies  with  its  pressure,  and  its  inertia  increases 
with  its  density,  so  that  when  the  pressure  is  augmented  it  has  greater 
persistency  against  the  tendenc}-  to  a  set  movement  of  esca])e.  Again, 
the  opposing  surface  may  he  of  such  nature  in  its  elementary  parts  as 
to  obstruct  the  lateral  escape  by  a  species  of  entanglement  of  the  indi- 
vidual particles  of  air  and  their  inertias. 

Air  is  possessed  of  a  physical  property  (that  of  cohesion)  which  is 
of  vast  worth  in  its  relation  to  our  probleiii.  All  varieties  yf  matter 
are  possessed  of  cohesion  in  greater  or  less  degree.  The  different 
degrees  of  cohesion  give  rise  to  solidity,  plasticity  and  viscosity.  All 
solid  or  rigid  substances,  so  called,  are  more  or  less  plastic,  and  all 
liquids  and  gases  are  more  or  less  viscous.     Under  the  effect  of  impul- 
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»ivo  fore<s,  jdastic  Milj^'tain-*-!  are  a-  it"  ><ili<l.  ami  vi?i«f»iL-i  ftul»>*taiK*s 
an-  a*<  if  plastic 

Tlir  air  in  v\\\-rx  Inliav***  a>  a  -olid  wlnii  -ultjtH-t***!  t«>  iiii|tiil-iv«' 
Inrces  of  ^ivatcst  iiit<ii-ity.  A  «a*«'  in  jMiint  i-  tin-  ••xjiI<»*ioii  nf  nitn^- 
^lyccriiie  ujM»n  tli<'  .suria<»-  of  a  -olid.  Tin*  mas?«  i-  ruptun**!  into  frag- 
ments as  if  >tnnl<  l)y  soim*  ln-jivy  weight.  Aft«r  the  «h«Nk  the  air 
relieves  itself  as  nipidly  as  the  frietion  of  e«>li«,>sioii  ami  ineitia  {terniit. 

\\'ork  in  its  nieehaiiieal  sen-e  is  nia<le  up  of  two  faetor-.  namely, 
iiia->  and  vel<Mify.  II' =  A  M  V'  is  the  nio-t  jjeneral  cxpn^^-ion, 
(  III  i->  tlie  <|iianhty  oj'  work,  ( J7)  the  mas-  or  «|iiantity  ot'  matter,  and 
(  I')  the  velocity  with  wliieh  it  i-  moVeil. 

Then  it  will  appear,  from  all  that  ha-  l)e«n  -aid,  that  the  work  ot 
veJo<ity  rather  than  the  work  of  mas,-  is  the  nnHt  advaiita<^eo(Ls  .soiirei? 
of  relief  in  the  hird's  «'very  effort.  By  what-oevi-r  mean-  he  nn»v 
attain  vehM-ity,  Ih'  -eenre-  a  eorn-sponijin;;  relief  of  duty,  and  everv 
move  of  incn.'ased  vehwity  given  to  his  wing-  in  op|x»<.ition  to  n.*si-t- 
anees  is  likewise  an  e<'onomy  ot'  power;  an  in<'i^ase  of  vehn-iiv  per- 
mitting  a  <leerease  of  area  of  wing,  so  affording  a  relief  of  work. 
We  must  avoid  the  idea  that  there  is  of  ni^i's-ity  a  eertain  iptantitv  of 
Work  for  the  Itird  to  do,  mid  that  he  (-an  l»y  no  mean-  avoid  the  *4-f 
task. 

'J'he  i>iid  -trike<  downwanl  with  hi-  wing-,  and  sci-nre-  a  j»re>.-uri- 
of  :iir,  which  he  iiianag<*s  to  retain  l>y  tlefeating  \\a  every  effort  to 
esi-ape.  At  tii>t  his  wings  «K'«'line  to  the  rear,  hut  owing  to  their  tor- 
sion and  flexure  the  inerea-ing  pn'>^-ure  of  air  find-  relief  only  through 
a  circuitous  path,  and  at  the  ntmpletion  of  the  -troke  the  extremiti*-- 
of  the  wings  are  tilted  rapidly  upward. 

The  wing  is  so  sti-au'^ely  con-tru«'te«l.  and  it-  part-  are  <n  well 
ada|»te«l  to  the  Uses  for  which  tlu'v  answer,  it  may  Ih-  well  to  studv  it 
in  detail.  1 1  will  l»e  ne«i»^siry  to  UKik*-  a  few  praeiic:d  demonstrations 
in  order  to  do  our  work  understandingly. 

Let  (a,  o)  (Fig.  4)  U*  a  s<>ries  of  clastic  surfa«"e>,  //,  //,  h",  etc..  ami 
each  one  (HMitimtl  l»y  its  upper  edge  so  that  a  ft>reo  of  air  fn>m  the 
direction  denotiMl  hy  the  arrows  will  cause  the  surfaces  to  rev<»lve  and 
close  the  passjges  (c,  c',  c").  This  done,  the  air  i-  defeat»>«l  in  its 
movement,  an«l  u  sli«x'k  t)r  foixv  of  iinpuls<>  s^-^'ure*!. 

If.  instead  of  the  free  movenient  of  the  slats,  they  Im?  su|)|>«>se<l  to 
have  an  elastic  n*sistann>  ag:iin-t  U-ing  cIo-«il.  then  a  fon>'  of  air  of 
variable  inten-ity  will  c:uist>  them  to  ojhu  and  «Iom'  in  rapid  smw-^^ion. 


448 


Campbell— The  Flight  of  Birds.      [Joar.  Frank.  Inst., 


as  the  force  and  resistance  alternately  hold  sway.  The  slats  having 
weiglit,  their  inertia  in  the  to  and  fro  movement  would  act  an  impor- 
tant part  in  timing  the  vibrations  to  the  degree  of  pressure,  and  there 
would  be  a  rhythmical  play  of  impulses  or  pulsations. 

Another  demonstration  may  serve  to 
give  a  more  accurate  idea  of  this  force  of 
impulse. 

Let  a  0  (Fig.  5)  be  a  plane  surface  mov- 
ing adrift  with  a  wind  of  any  velocity,  the 
plane  having  the  same  velocity  as  the  wind. 
There  can  be,  as  yet,  no  interferenec.  Let 
((/)  be  a  fixed  point  of  resistance.  The 
plane  will  continue  to  move  until  it  arrives 
at  ((?),  where  it  will  be  instantly  stopped, 
thus  causing  the  intercepted  column  of  air 
to  be  as  quickly  stopped  ^ 

and  deprived  of  its  mov- 
ing force.  There  would 
be  an  arrested  movement 
of  the  air  on  the  two  sides 
of  the  plane;  the  differ- 
ence of  the  two  pressures 
would  be  the  effective 
pressure. 

So  far  we  have  only  looked  to  the  force  of  air  as  taking  effect  in 
one  direction ;  but  in  the  bird's  flight  there  is  requisite  a  lifting  and  a 
propelling  force. 

A  force  of  air  after  having  imparted  in  one  direction  a  pressure  due 
to  its  living  force  may  yet  impart  another  pressure  in  another  direc- 
tion without  losing  any  of  its  accumulated  energy,  provided  it  imparts 
no  movement. 

When  the  bird  strikes  downward  Avitli  his  Avings  the  resistance  of 
the  air  acts  upward,  thus  supporting  his  weight,  and  also  giving  him 
a  forward  impetus,  owing  to  the  escape  of  the  pressure  of  air  to  the 
rear. 

The  wing,  as  is  well  known,  is  made  up  of  long,  stout  feathers  with 
quill  extremities  inserted  in  cartilaginous  sockets  of  the  bird's  arm. 
These  quill  extremities  have  muscular  attachments,  so  that  the  bird 
has  power  to  revolve  the- feathers  within  their  sockets.     Each  feather 


Fig.  4. 


(/ 
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is  iua)l<-  ii|)  <>1  a  iiii<lril)  «-.\t«ii«liii^  tiiri>ii)zli  it'*  <'ntirc'  l«ii^tli,  the  iiuiil 
or  H4H'ket  extremity  iif  wliidi  is  tiihiihir,  ri^id  :iii<l  lar^rer  tliaii  the  Uii- 
ance.  It  i."  tnm-liH-^iit,  homy  ami  toiijjh,  well  uil«-ulate«l  for  -tn-ii^h 
and  at  the  sum-  tiim*  li;;htm>><.  TIm-  halaiH-*-  of  thr  midrih  i-  pithy 
and  tiot  »o  ri^'id.  It  ^ruwx  '•malUr  and  much  lighter  toward  th**  |Miint. 
Kadiatinj;  from  liotli  -idi-  are  (wither  hniinhhiH  and  »nl»-hnin«-hleti«, 
wliicli,  iVonj  tlnir  ij.isf  proximity,  ^ive  the  iViither  a  -nxHith  ••urfaiv- 
likr  appearance. 

SiipjMJsin^  the  liird's  win;;  ont>tretchi'«l,  with  the  ipiill  tiiilhere 
|>ointin<;  t<>  the  rear.  The  hranchhtM  that  radiate  inwanlly  towanl 
the  l)ird  an<l  nniU-r/<ift  form  a  nmre  exteii-^ive  -iirta«*e  than  the 
l»an«hlet!<  of  the    op|M»site    y^'ulr   of  the    fe:ither.  wITn'li    orrriiijt.      The 

lapjiin;;  may  I f  |i<i»itiiiii.  without  contact,  the  hird  having  |M)\ver  to 

adjust  the  feathers. 

Supposing  tlu'  Mirfaci-s  to  l»e  pro|M'rly  adin->led,  then,  a-*  he  .-trikeH 
<lownward  with  his  winp»,  a  force  of  air  taking;  efftN-t  ii|Min  the 
iinderiap|»in),'  ^iirtaces^  c:ui«.es  them  to  collide  with  the  overlapping 
surfaces,  thus  ai»njptly  stoppint;  the  initial  movement  of"  air  and  itM 
initial  cner^ry.  This  momentary  -iMM-k  or  impuls<-  given  to  the 
winp»  serves  jls  a  f«Kit-hoId  to  -u-tain  the  l»ir»|  a;.':iin-t  the  tenih-ney 
of  ;;ravity,  and  as  the  strok«-  o-..  m  i,|.  in  nipid  siio-.— I.-n  h,  miv 
he  said  to  walk  upon  the  air. 

The  eonjpresst'd  air  may  s«t'k  reliet  l»y  |Ki->in;;  alon^  the  snrl'aees 
ol'  the  win^  and  e>ca|>ini;  from  their  extreme  m:ir;;in««,  after  having 
yielde«l  its  store  of  ener^ry  tir>t  to  sii'>tain  and  then  tt>  pro|>«'l.  Or  it 
may  fiiul  more  ready  reliit'  l»y  |Knetr.»tin;;  the  iietwi»rk  -triietnre  <»f 
the   leathers. 

( >f  tlu'M- two  channels  ot"  evajM'  the  latter  one  i>  ^»(ii;ht  hy  thos<' 
{Nirtieles  of  air  that  coiiu*  imme«liately  in  mntact  with  the  wing- 
surfa«'e  at  the  instant  of  the  >ho«'k,  and  are  the  most  active  an«l  an*  |x**- 
sesseil  of  the  givate>t  en«'rgy.  It'  |M*rmittetl,  they  would  de>ln«y  the 
vantage-grountl  l>y  generating  a  nulial  movement  of  eH-ji|H'.  Ilemt; 
the  strangely  lieautiful  structure-  ot'  the  fwither. 

Ihe  pressure  of  :iir  is  tirst  c:mght,  dire<'tetl  and  maniptdate«l  hv  the 
hranchlets,  and  then  l»y  the  «»uh-hninchlets,  when  it  is  allowi.il  Uh 
«>>iape  iVom  its  entanglenunt.  The»«»  sul»-l»r.iiu'hlef.s  nuliatc  fn»m  the 
hninchlets,  the  latter  Iwing  as  mi«lrilis.  TIicm*  Mituidarv  mitlrihs  are 
dist-oid  in  stvtion,  and  have  a  tough  horny  exterior  with  a  pithv 
•rntre.  See  Fig.  G. 
Whole  No.  Vol.  C'XI.— ^Third  Seriisi,  Vol.  Ixxii.)  J* 
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b,  b',  b",  etc.,  are  the  branchlets  or  secondary  midribs,  on  each  side 
'of  Avhich  are  the  sub-branchlets  c,  c',  c" ,  etc.,  overlapping,  and  d,  d' , 
■d"  iinderlapping.  Tlie  former  are  longer  and  more  prominent,  and 
the  latter  form  a  much  less  areal  surface.  These  sub-branchlets 
have  their  lateral  borders  barbed  with  little  hooks  or  loops  that 
■enable  the  over-  and  underla})ping  surfaces  to  cling  together,  and 
they  hold  with  a  persistent  grasp  so  long  as  the  surfaces  are  in  con- 
tact. 

From  the  character  of  these 
different  parts  of  the  feather  and 
their  arrangement  with  reference 
to  one  another  it  is  evident  that 
the  elastic  force  of  air  taking 
effect  upon  them  causes  a  rhyth- 
mical vibration,  each  and  every 
part  securing  a  series  of  rapid 
pulsations. 

An  average  feather  has  about 
one  thousand  branchlets,  and  one 
million  five  hundred  thousand 
sub-branchlets,  each  one  of  which 
lends  a  helping  hand  to  lighten  the  bird's  task.  In  proportion  as  there 
is  a  greater  percussion,  the  rhythmical  pulsations  are  more  frequent 
and  stronger.  In  the  flight  of  the  pigeon  and  of  some  other  birds 
this  rhythm  gives  rise  to  a  musical  whiz. 

So  far  we  liave  only  mentioned  the  bird  proper,  and  tliere  are 
almost  an  infinity  of  creatures  of  flight,  and  one  of  the  most  humble 
is  the  bat. 

The  bat,  in  lifting  his  wings,  raises  the  front  margins  more  rapidly 
than  the  balance  of  the  wing,  so  that  a  doAvnward  turned  fold  is  given 
to  the  thin  elastic  membrane.  At  the  comjjletion  of  this  fold  or  loop 
he  thrusts  his  wing  downward,  so  that  the  body  of  air  is  brought  to 
impinge  upon  its  convexity,  suddenly  reversing  it  and  bagging  the 
force  of  air. 

I  tried  the  following  simple  experiment  to  demonstrate  the  character 
of  this  force.  The  arm  (c  d)  (Fig.  7)  is  made  of  dry  hickory  and  tapers 
tow^ard  d.  {h  d)  is  a  ring  or  hoop  firmly  attached  to  {c  d.)  (c  d)  is 
mortised  with  glue  to  a  thick  and  heavy  block  of  Avood.  The  hoop 
is  covered  with  a  loosely  fitting  membrane,  or  paper. 
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Tn  make  tli<'  <*x|M'riiiH'iit  it  in  only  lu-fx-^vsiR'  to  |nill  tin-  ^\*r'\\\yc  {c d) 
ill  a  (lirntioi)  iiumially  to  tin-  ->urt'a«'«'  of  tin*  iiH'iiil»nuM'.  ami  tln'ii  "  lot 
fly."  'J'Ik-  -ii<MtM  impart  of  air  a^aiii»t  the  xiirf'aM'^  of  tli**  iiM-iiil)ruiie 
j;ivfs  two  IoihI  r<'|>ort.-»,  tin-  -.i-odiil  or'niu'tionarv  -troke  Immii^  l«»u<lfr 
and  roiiH-iinciitlv  tin*  .-troii^^rr.  Stoiit  |»a|M'r  may  Im*  t-si.xily  liiir«t  l»y 
tin-  im|)a«'t,  tlic  ii'|Hirt  lMiii;j  Iik<*  tliat  of  a  |»i-to|. 

Tin-  rx|NTimiiit   may  Ix*  vari^l  l>y  sul>?«titiitin^  win 
^an/.c  for  tin-   iiirmltniin-   aii<i    -ii«|M'inliiin    ti-^-m-    pajM-i  *■ 

iM'forc  and  at  a  <li-.tanr»'  tVom  tin-  Ihm»j>.  'J'Ih-  j^aii/."- 
•oflJr>    little    n-Mi-^taiKf  to   tin-   movciii<*nt  of  tin-  r.j»rinn,  0 

)>iit  is  ^r(*atly  iniiHilini  hy  tli**  tliin  )ki)mt  on  un^tunl 
•(»f  its  im|M'rvionsn«s.-*  to  air.  In  tlii-^  ••:i.«*<*  aUi  a  loml 
r<'|Mtrt  i>  <;ivt'ii,  wliirh  i^  )>ro«>f  ot"  irn>:it  <"«»n«-n«>i(»ii  of' 
the  air. 

It  may  Im-  proju'r  to  -ay  -omrtliini;  of  tin-  iitti<  tl\. 
J  low  tItH's  he  arcom|)li>|i  snrli  wondroiiH  ImhHIv  inovr- 
iiiriit>.  hi'  wini:-  '"'in;;  so  liirlit  and  drli«':iti'Iy  -lender? 
It  cannot  Ik-  dix-overeil  that  he  has  miieh  |M»wer  of 
nuis<le,  aiitl  yet  it  doe-  -^H'ux  that  he  must  ihniI-.  make 
<'onsi<leral»Ie  etlort  to  overeome  the  inertia  of  hi-  weiirjit 
in  his  nipid  starts  fmni  r«-«t. 

It  has  Ihh'ii  >hown  that  in  pro|H)rtion  a-  the  air  i-  acted  ii|t(tn  iiion- 
<|nickly  dtM'>  it  e.\ei*ci>e  i;reater  n-sistanc*',  and  that  in  pro|Mtrtion  a- 
nny  winded  <reafMrr  -triki*-  the  air  more  tpiicklv,  niav  hi-  winjjs  Im* 
.smaller  and  the  a<"tnal  work  le>sene«l  in  j^n-at  tleirn-*'.  S>  we  mav 
4-oiiclnde  that  the  llv  protit-  hy  th«*  rapid  movement  of  hi-  wini;^. 
And  that  -nch  i-  the  ca-^e  we  may  Ix-  further  e«»nvin«tHl  l»v  ni-onlinif 
the  nin>ical  note  -oimdnl  liy  hi-  wiiiir-.  Kiiowini;  that  they  mti-t  inovi* 
with  j;reat  vehwity,  we  mn-t  «t»nclnde  tiiat  they  do  not  move  iiormallv 
«<iainst  the  air,  l>nt  nither  at  an  an^le,  cutting;  th«>  air  upward,  down- 
ward and  latendly,  the  torsion  of  the  win^  and  their  delie:ite  ela-tic- 
ity  reunlatini;  their  anirnlar  inclinations,  atnl  ihtti  arr  ait  if  simiffn- 
mulri'  inert osni  n/nritiis.  Hi-  winp*  an*  s«i  ex«^'«"«lini;lv  lii;ht  that 
he  ihhmIs  make  l>ni  little  etlort  aipiin-t  their  inertia.  lJ«>ide-«,  it"  tliev 
move  thiiMiuh  cnrvilimnir  pjith-  without  undeiyoin^  aM>eler:ite<l  ;ind 
reiarde«l  moveiiu'iit.-.  then  i-  the  inertia  continuous  an«i  -*dl'— u-tainiiii;. 

In  concln-ion  \\e  may  -;iy  that  flii;ht,  whetluT  i»f  the  l>inl,  th«'  Iwt 
or  the  Hy,  is  not  the  lu'n"ul«>:in  task  of  our  wonti>«l  U-lief,  Kut  rather 
one  of  pleasur.ihU'  ease,  una(X'«>m|unieil  hy  tin-  im|M««linu>nt.-  that  clo^ 
the  way  of  the  civatunis  that  phnl  the  wirth. 
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ON  THE  MODERN  DEVELOPMENT  OF  FARADAY'S 
CONCEPTION  OF  ELECTRICITY. 


By  Professor  Helmholtz. 

Abstract  of  the  Faraday  Lecture  read  before  the  Cliemical  Society,  England,  Ai^riB 

otii,  1881. 


Tlie  raajority  of  Faraday's  own  researches  were  connected,  directly  or 
indirectly,  with  questions  regarding  the  nature  of  electricity,  and  his 
most  important  and  most  renowned  discoveries  lay  in  this  field.  The 
facts  which  he  has  found  are  universally  known.  Nevertheless,  the  fun- 
damental conceptions  by  which  Faraday  has  been  led  to  these  much- 
admired  discoveries  have  not  been  received  with  much  consideration. 
His  principal  aim  was  to  express  in  his  new  conceptions  only  facts,  with 
the  least  possible  use  of  hypothetical  substances  and  forces.  This  was 
really  a  ])rogress  in  general  scientific  method,  destined  to  purify  science 
from  the  last  remnants  of  metaphysics.  Now  that  the  mathematical 
interpretations  of  Faraday's  conceptions  regarding  the  nature  of  electric 
and  magnetic  force  has  been  given  by  Clerk  Maxwell,  we  see  how 
great  a  degree  of  exactness  and  precision  was  really  hidden  behind  hi& 
svords,  which  to  his  contemporaries  appeared  so  vague  or  obscure ;  and 
it  is  astonishing  in  the  highest  to  see  what  a  large  number  of  general 
theories  the  methodical  deduction  of  which  requires  the  highest  pow- 
ers of  mathematical  analysis,  he  has  found  by  a  kind  of  intuition^ 
with  the  security  of  instinct,  Avithout  the  help  of  a  single  mathemati- 
cal formula. 

The  electrical  researches  of  Faraday,  although  embracing  a  great 
number  of  apparently  minute  and  disconnected  questions,  all  of  which 
he  has  treated  with  the  same  careful  attention  and  conscientiousness, 
are  really  always  aiming  at  two  fundamental  problems  of  natural 
philosophy,  the  one  more  regarding  the  nature  of  physical  forces,  or 
of  forces  working  at  a  distance ;  the  other,  in  the  same  way,  regarding 
chemical  forces,  or  those  which  act  from  molecule  to  molecule,  and  the 
relation  between  these  and  the  first. 

The  great  fundamental  problem  which  Faraday  called  up  anew  for 
discussion  was  the  existence  of  forces  working  directly  at  a  distance 
without  any  intervening  medium.     During  the  last  and  the  beginning 
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(if  tin-  |iiiMiit  ri-ntiiiy,  tli*-  riMNlrl  atUT  tli«'  liketu**  ot"  whl«|i  iK-arly 
all  |)lir.si«-al  tlifories  had  Ikhmi  foriiKrd  wa-?  tlif  fon-e  ot"  j^raviuition  act- 
\u^  Ix'twiMii  tli«'  -im,  tli»-  |»I:iii«ts  aixi  tlnir  *at»Ilif«-.  It  i-  known 
how,  with  niu<h  <-:itition  an<l  tv<n  rfhutiimi-,  Sir  Jsuu*  Nt'wuui  hini- 
•self  j)ro|»os«Ml  his  ^ran<l  hy|M»th«*f*is,  whi«'h  wa.>*  iJj'j'tiiHil  to  iN.i'oiiie  the 
first  ^rwit  and  ini|»osin^  exarnpU*,  ithntratin;;  th»*  jxiwer  of  true  *'i«»ii- 
tifir  niethiMl. 

lint  then  «-jinM*  Oerstitlt's  dix-^ivprv  of  the  motions  of  nm((n<!ti<, 
nndtr  the  inthieni^'  of  oltH-trir  <Mirrt*nt.s.  The  fopv  ai-tin^  in  thcw 
|)h<rn>Micna  had  a  new  and  v«ry  sin^nhir  «hara<ter.  It  •%«•«  iii«-«|  a«>  if 
it  wunltl  (h'iv<-  a  >in|^l«'  i<Mjl:itt-4l  |Mile  of  a  nia^rift  in  a  <-in-|i-  around 
tlie  wire  <i>iMhi('tin^  the  cnrn'iit,  on  and  on  without  «-nd.  never  eoniiiif; 
to  rot.  Kamday  siw  that  a  motion  of  thi«  kind  <-onld  not  Im*  pnMhKi'd 
hy  any  fonv  of  atinution  or  n|>nl-i<>n,  workin;;  lr<>in  |n»int  to  |M>int. 
If  tlie<'urrent  isahh."  to  iiirn-as*'  the  vehxity  of  the  uia^net.  tii«- magnet 
must  reiict  on  tlie  «'urrent.  St  he  made  thr  «'X|>«'rim«'nt,  and  dij»e«iv- 
ere<l  in<hi(vd  currents;  he  trai"*-*!  thrni  out  throu;;h  all  th**  various 
conditions  under  which  they  ou^^ht  to  a|)|>«*ar.  He  conclndMJ  that 
somewhere  in  a  part  «»f  the  spa<"e  traver>e<l  hy  imi^^netic  font?,  there 
e.\i>ts  a  |»e<'nliar  state  of  tensi<»n,  an<i  that  cverv  chan;:*- of  this  tension 
pr<Khu-<*s  eh'<tromotive  fon-e.  This  unknoN>M  hy|Hithcti«-:il  ^tatc  he 
«ille<l  provisionally  the  eleetrotonic  state,  and  h«?  wxs  oei'upied  for 
years  aiHJ  year>  in  finding  out  wh.it  wa-*  thi-  eh-i-trotonie  -itali-.  He 
<li.s<'overetl  at  fn>t,  in  IS.'J.S,  the  dielc<'tric  |»o|ari2;ition  of  electric  insu- 
lators, sftibjtrt  to  eU^'trie  forces.  Sm-h  l>«»die!i  ^how,  under  the  inthiemv 
<»f  eh-<'tric  fori-t's,  phenomena  |M:'rfn'tlv  analogous  to  thoi^'exhihited  hv 
soft  iron  under  the  influenn-  of  the  magnetic  fon-e.  Kleven  vi-ars 
later,  in  1S11»,  he  wa>  ahle  to  demonstrate  that  all  |H>nder:iltii-  matter 
is  m:i^neti/e<l  under  the  intlueno'  of  xuHicicntly  inten«<«'  nni^netie 
force,  and  at  the  sim«-  time  he  dirtcovereti  the  phen<»menu  of  •' 
netism,  which  indicttleil  that  even  sjkii-**.  devoid  of  all  {hmi 
matt«>r,  is  mau:neti/:il>le  ;  and  now  with  *|uite  a  wonderfid  <<i^icity  ami 
intelle<>tual  |»re«'i?»l<>n,  Fanidav  |M>rtorm«'4l  in  his  l»niin  the  work  of  » 
great  mathematician  witiioui  usin^  u  ^in^le  mathematiail  fornuihi. 
He  saw,  with  his  mind's  eye,  that  hy  thes«'  systems  of  tell^iolt«  aiul 
pressures  pn>duce<l  hy  the  diehs-tri**  and  m:u;netie  |M>lariz:ition  of 
sjMice  which  surrtmiuls  ele«'trili«nl  iMNlies,  m:u;net.s  i>r  win^  conihK'tin^ 
-electric  currents,  nil  the  phenomena  of  elect  n  ►-static.  in:ii:neiic.  .•U<itn»- 
/uaguetic  attraction.  n^puUion  and  indu«-ti<»n  could  )»e  explained,  witii- 
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out  recurring  at  all  to  forces  acting  directly  at  a  distance.  This  was 
the  part  of  his  path  Avhere  so  few  could  follow  him ;  perhaps  a  Clerk 
Maxwell,  a  second  man  of  the  same  power  and  independence  of 
intellect,  was  necessary  to  reconstruct  in  the  normal  methods  of  sci- 
ence the  great  building,  the  plan  of  which  Faraday  had  conceived  in 
his  mind  and  attempted  to  make  visible  to  his  contemporaries. 

Nevertheless  the  adherents  of  direct  action  at  a  distance  have  not 
yet  ceased  to  search  for  solutions  of  the  electro-magnetic  problem.. 
The  present  development  of  science,  however,  shows,  as  I  think,  a 
state  of  things  very  favorable  to  the  hope  that  Faraday's  fundamental 
conceptions  may  in  the  immediate  future  receive  general  assent.  His 
theory,  indeed,  is  the  only  existing  one  M'hich  is  at  the  same  time  in 
perfect  harmony  with  the  facts  observed,  and  which  at  least  does  not 
lead  into  any  contradiction  against  the  general  axioms  of  dynamics. 

It  is  not  at  all  necessary  to  accept  any  definite  opinion  about  the 
ultimate  nature  of  the  agent  which  we  call  electricity. 

Faraday  himself  avoided  as  much  as  he  could  giving  any  affirma- 
tive assertion  regarding  this  problem,  although  he  did  not  conceal  his 
disinclination  to  believe  in  the  existence  of  two  opposite  electric 
fluids. 

For  our  own  discussion-  of  the  electro-chemical  phenomena,  to 
which  we  shall  turn  now,  I  beg  permission  to  use  the  language  of  the 
old  dnalistic  theory,  because  we  shall  have  to  speak  principally  on 
relations  of  quantity. 

I  now  turn  to  the  second  fundamental  problem  aimed  at  by  Fara- 
day, the  connection  between  electric  and  chemical  force.  Already, 
before  Faraday  went  to  work,  an,  elaborate  electro-chemical  theory 
had  been  established  by  the  renowned  Swedish  chemist,  Berzelius, 
which  formed  the  connecting-link  of  the  great  work  of  his  life,  the 
systematization  of  the  chemical  knowledge  of  his  time.  His  starting 
point  was  the  series  into  which  Volta  had  arranged  the  metals 
according  to  the  electric  tension  which  they  exhibit  after  contact  witlr 
each  other.  A  fundamental  point  which  Faraday's  experiment  con- 
tradicted was  the  supposition  that  the  quantity  of  electricity  collected 
in  each  atom  was  dependent  on  their  mutual  electro-chemical  diifer- 
ences,  which  he  considered  as  the  cause  of  their  apparently  greater 
chemical  affinity.  But  although  the  fundamental  conceptions  of  Ber- 
zelius' theory  have  been  forsaken,  chemists  have  not  ceased  to  speak 
of  positive  and  negative  constituents  of  a  compound  body.     Nobody 
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can  overlook  lliat  -ii«|i  a  ••ontnL-t  of  «|iialitii>,  iis  wo-i  tx|»rt'3w<-«l  in 
Ii<TZfliiiM*  tlic<»rv,  milly  vxintn,  well  tIeveloiMil  iit  the  extruiiiiti«-»«,  Itrw* 
evident  in  iIh*  nii<l<ile  ternin  of  the  •M'rie*«,  playing  an  irn|Hirtant  |t:irt 
in  all  <-lienii(-:il  at-tionn,  altlioii^li  ott*'n  otilNtnlinuteil  to  otli«-r  inMutiKx^H. 

Wln-n  l''ara<lay  Imitjui  to  Htiitjy  tin-  iilienoiufnu  of  (letTuniKr^itioii  liy 
the  pilvanir  ciirrent,  wlii<li,  of  courx*,  wen*  e«»n'»itlere«l  by  IterzoliiiK 
iiH  on»'  of  tin'   firnM-^t   -u(»|M»rtj^   of  hi-,   theory,  he   put   a  \'  !•• 

ipn-stion  ;  thf  tii>>t  «|U«->lion,  inthi-d.  whirh  fV«-rv  chenii«t  -j  .  i;^ 
altniii  ihM'tnilvHiH  ou^ht  to  have  an*\Vfr«-<l.  He  axkt-il,  Wluit  ii»  the 
«|iiantity  of  ♦•hM-trolyti«'  il«i'on>|M»*itioii  if'  the  -ani*;  i|uantiiy  of  elii*- 
tririty  i.H  K'lit  tlH'oti^h  '^•venil  tleeirolytir  ftll?'".'  IW  thi*  inve!«ti^ilioii 
he  (liHcovernl  that  nnt^l  ini|Htrtant  law,  ^enenilly  known  iin«ier  liiti 
name,  hut  nilhil  l>y  him  tin-  law  of  di-tinite  ehi'tn»lytir  action. 

Kanulay  «*on«-lii«l«'<|  iVom  his  ex|M  riments  that  a  definite  ijuantitv  of 
elcetrieity  ninnot  |>:i>«^  a  voltametri<-  <vll  nmtainin^  aeidulatetl  water 
l>etween  eIe<tr»Mle«  of  platinum  without  setting  {rtt-  at  tin*  m-^itive 
eler-tHnh'  a  <orrespondin^  definite  amount  of  hy«ln»ir«'U,  and  at  the 
jKiHitive  (•UM'tpMh'  thr  (-(juivalfnt  (piantitv  «»f  oxvp-n,  one  aitont  <»r 
oxyjfen  for  ever}' pair  <»f  Jitom.s  of  hydro^rrn.  If  in.Hte:id  of  hydn>}^ii 
any  other  flrmcnt  iTijisddc  of  •«ul>»titu(ini;  hv«lro^i-ii  i«*  ?M'|»;initM|  from 
the  ehHtrolytf,  thi^  i»  done  al-^*  in  a  <|uantity  exactly  e«|uivalcnt  to  the 
(piantity  of  hydrogen  which  wojdd  have  been  evolve<l  by  the  siuue 
electric  current. 

Simv  that  time  our  ex|Mrimental  m«tlHMl»  an<l  our  knowletlp- i>f  the 
laws  of  ele«tri«':il  phenomena  have  made  enormous  pr«»^'r»-^-,  and  ix 
^reat  many  obstacle**  have  ui»w  lut^n  n'nu»veil  which  enlan^le<l  ever}' 
one  of  Faniday'*  steps,  and  obli^<«|  him  to  ti^ht  with  the  ctait'uMil 
idea.s  and  ill-applied  theoretind  con«-<-piion->  of  >M>me  of  hi»  cot«-iii|M>- 
niriet*.  We  neni  not  hoitate  to  siy  that  the  more  expiTiineutal 
nietlxMls  were  nfiinil.  the  more  the  ixactne-v.  and  ^enenility  »»f  Fara- 
day's law  was  confu'meil. 

In  Uie  lie^innin^  Il<>r/elius  and  the  adherents  of  Volta';}  orif^inal 
theiiry  of  ^:dvanism,  l»:iS4'<l  on  the  etVe«'ts  of  metallic  «>>ntact.  rai***"!! 
nuuiy  objiftiiMis  apun^t  FanidayV  law.  Hy  thetxunbinntion  i»f  NobiliV 
iu<tatic  pair*  «>f  nui^netic  ni-c<lle>  with  S'hweipjjerV  multipliitit«>r,  a  o»il 
of  eopjMT  win*  with  numen>us  cinunivolutionH,  galvanometers  liei-ame 
.so  delii-nte  that  the  ele«'tn»-chemii":il  <i|uivnlent  of  the  smaller  cumntM 
they  iniiic3tte«l  was  im|K>rc<>ptibl«'  f»tr  nil  chemic:d  methods.  With  the 
newest  g«lvan«»n>eterv  you  ciui  very  well  t»l»<'rve  cum'nt*  which  would 
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want  to  last  a  century  before  deconipo.sing  one  milligram  of  water,  the 
smallest  quantity  which  is  usually  weighed  on  chemical  balances.  You 
see  that  if  such  a  current  lasts  only  some  seconds  or  some  minutes, 
there  is  not  the  slightest  hope  to  discover  its  products  of  decomposition 
by  chemical  analysis.  And  even  if  it  should  last  a  long  time  the 
feeble  quantities  of  hydrogen  collected  at  the  negative  electrode  can 
vanish,  because  they  combine  with  the  traces  of  atmospheric  oxygen 
absorbed  by  the  liquid.  Under  such  conditions  a  feeble  current  may 
continue  as  long  as  you  like  without  producing  any  visible  trace  of 
electrolysis,  even  not  of  galvanic  polarization,  the  appearance  of  M'hich 
can  be  used  as  an  indication  of  previous  electrolysis.  *  Galvanic  polar- 
ization, as  you  know,  is  an  altered  state  of  the  metallic  plates  which 
have  been  used  as  electrodes  during  the  decomposition  of  an  electrolyte. 
Polarized  electrodes,  when  connected  l)y  a  galvanometer,  give  a  current 
which  they  did  not  give  before  being  polarized.  By  this  current  the 
plates  are  discharged  again  and  returned  to  their  original  state  of 
equality. 

This  depolarizing  current  is  indeed  a  most  delicate  means  of  dis- 
covering previous  decomposition.  I  have  really  ascertained  that  under 
favorable  conditions  one  can  observe  the  polarization  produced  during 
some  seconds  by  a  current  which  decomposes  one  milligram  of  water 
in  a  century. 

Products  of  decomposition  cannot  appear  at  the  electrodes  without 
motions  of  the  constituent  molecules  of  the  electrolyte  throughout  the 
whole  length  of  the  liquid.  This  subject  has  been  studied  very  care- 
fully and  for  a  great  number  of  liquids,  by  Prof.  HittorflP,  of  Miinster, 
and  Prof.  G.  Wiedemann,  of  Leipsic. 

Prof.  F.  Kohlrausch,  of  Wiirzburg,  has  brought  to  light  the  very 
important  fact  that  in  diluted  solutions  of  salts,  including  hydrates  of 
acids  and  hydrates  of  caustic  alkalies,  every  atom  under  the  inriuence 
of  currents  of  the  same  density  moves  on  with  its  own  peculiar  velocity, 
independently  of  other  atoms  moving  at  the  same  time  in  the  same  or 
in  opposite  directions.  The  total  amount  of  chemical  motion  in  every 
section  of  the  fluid  is  represented  by  the  sum  of  the  equivalents  of  the 
cation  gone  forwards  and  of  the  anion  gone  backwards,  in  the  same 
Avay  as  in  the  dualistic  theory  of  electricity,  and  the  total  amount  of 
electricity  flowing  through  a  section  of  the  conductor  corresponds  to 
the  sum  of  positive  electricity  going  forwards  and  negative  electricity 
going  backwards. 
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This  e>tal>li.-lit»l,  Fanulay'>  law  u\U  u-  that  thnxiifii  «-:irh  •««'«'tioii  tif 
an  el<*<'tr()lytir  coiuIiK-tor  w«'  huvf  alway-^  o«|tiival<'nt  ehitri<::il  and 
fhcniioil  inotinii.  'J'h**  name  dctiiiite  <|iiaiitity  of  cither  {MiNitivc  or 
ncipitivf  ('hn'tririty  niov«Hi  always  with  t-M-h  uiiivalfnt  i<»n,  <»r  with  i-vcn' 
unit  of  alliiiity  «>('  a  iiiiillival<*nt  ion,  ami  a(-<-<>ni|iani<->  it  <luriii^  all  ilM 
motions  through  th*-  interior  of  tht*  ohnti-olytii-  thiid.  Thi*  w«'  niav 
mil  tin-  ohvtric  diarj;*'  of  th»'  atom. 

Now  thr  nio>.t  -tartlin^  rf-nlt,  jM-rhap-,  ot'  Fanwlav'-.  law  i-.  thin;  If 
Wi'  acti'pt  the  hy|M>tln»?*is  that  the  eltMiieiitaiy  ^iilntaniTT*  are  (■(>ni|Mi>«<<il 
of  atoms  we  csinnoi  avoid  coiKicnlini;  that  elf<tri«itv  al^o.  |M»-.itiv»*  itn 
well  as  nrpitive,  is  tlividiii  into  tiftinit**  flementan*  |Mirtion«.  whirli 
iH'have  like  atoms  «»f  eh-^'trioity.  As  loiij;;  as  it  move>  alMiut  on  the 
eU-t'trolyti**  li<|ni*l  eaeh  atom  r«*mains  unite*!  with  its  ele<'trir  <\|uivalcnt 
or  e«juivalents.  At  the  surface-  of  the  ehi'tnMh-^  (iM*iiin|Mt<>itioti  «^in 
take  phu-e  if  then*  is  sullieient  e|«««tromotive  |M»\v«'r.  ami  iln-n  theatoniH 
);ive  otr  their  eh^-trie  eharjje?^  and  Iki-ouio  ele<'tri<':illv  neutral. 

Now  arisi-s  the  (pnf-tion,  Are  all  tlnx*  relation^  lM>twe<ii  e|.tiri<ity 
and  themie:il  eouihination  limile«l  to  that  ela>-.  ot'  l>iMli«-<.  whi<-h  we 
know  :ls  eltvtro|yt«'>.'  In  onjer  to  priMJucv  a  rurreiit  of  Mitlirient 
strength  to  eolle«t  enough  of  the  pnNluets  of  deeoni|M tuition  without 
prtMluiin^;  t<M>  mueh  heat  in  the  eleetr«»lyte,  the  •.ul>ntan<v  whieh  wi- 
tiy  to  decom|)ose  oui;ht  not  to  have  !<«>  nuuh  resi^tamr  :i^ain»t  the 
current.  Hut  this  resistauiv  maV  l)e  very  ^rwit,  and  the  motion  of  the 
ions  may  Ik*  very  slow,  so  slow  indet>d  that  we  should  no«««l  to  all<«w  it 
tt»  jjo  on  for  hundreiU  of  years  Iwfore  we  should  U'  al»le  i<>  <i>lle<'f 
even  tnnTM  of  the  pnKluet.s  of  di>c<tm|>osition :  neverthele-^  all  the 
oss«'ntial  attriltut«'s  of  ihr  ppMx-iS  jif  i-|«><<tn>lvsis  could  ■«ul»'.i-.t.  If  vou 
tHJuni-it  an  eleitritiol  e«)iiduetor  with  one  of  the  eh-^trotK'*  of  a  i-**!! 
fill«'«l  with  oil  of  turjM'utine,  the  other  with  the  earth,  you  will  HikI 
that  the  ele<>trieity  of  the  e<»ndu<*tor  is  dis4>hary:e«l  unmistakaMv  mon- 
rapidly  through  the  oil  ,,f*  tiir|H'ntine  than  if  you  tak*-  it  awav  an<l  till 
the  erll  only  with  ail 

AI>o  in  this  ea«M-  we  may  «»liwrve  |M>larixation  of  the  ehi-tnMle>  w.*  a 
symptom  of  pnvious  ele<-trolysi...  Another  sivrn  of  .I.-,  tp.lvtii  om- 
duetion  is  that  litpiid^  hrounht  U-tw^n  t\M»  ditlin  ni  m.  tal-  pnahuv 
an  ehvtn>motive  fon>e.  This  is  never  done  l»y  metals  i>f  ti|unl  tem- 
]M'niture,  or  other  <-onduetors  whieh,  like  metaU.  let  eUt'trii'ttv  yvuv. 
xvithoui  iM'in^  dei-oiniMtsttl. 

The  sune  eflitt  i>  also  ol»>«Tve<l  even  with  a  ^n-at  majiy  ri>{id  ImkHcm, 
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althoiifjh  we  have  very  few  solid  bodies  which  allow  us  to  observe 
this  electrolytic  conduction  with  the  galvanometer,  and  even  these  only 
at  temperatures  near  to  their  melting-point.  It  is  nearly  impossible  to 
shelter  the  quadrants  of  a  delicate  electrometer  against  being  charged 
by  the  insulating  bodies  l)v  which  they  are  supported. 

In  all  the  cases  which  I  have  quoted  one  might  sus])ect  that  traces 
of  humidity  absorbed  by  the  substance  or  adhering  to  their  surface 
Avere  the  electrolytes.  I  show  you,  therefore,  this  little  Daniell's  cell, 
in  which  the  porous  septum  has  been  substituted  by  a  thin  stratum  of 
glass.  Externally  all  is  symmetrical  at  both  poles ;  there  is  nothing 
in  contact  Avith  the  air  but  a  closed  surface  of  glass,  through  which  two 
wires  of  platinum  penetrate.  The  whole  charges  the  electrometer 
exactly  like  a  Daniell's  cell  of  very  great  resistance,  and  this  it  Avould 
not  do  if  the  septum  of  glass  did  not  behave  like  an  electrolyte.  All 
these  facts  show  that  electrolytic*  condnction  is  not  at  all  limited  to 
solutions  of  acids  or  salts. 

Hitherto  we  have  studied  the  motions  of  ponderable  matter  as  well 
as  of  electricity,  going  on  in  an  electrolyte.  Let  us  study  now  the 
forces  which  are  able  to  produce  these  motions.  It  has  always  appeared 
somewhat  startling  to  everybody  who  knows  the  mighty  j)ower  of 
chemical  forces,  the  enormous  quantity  of  heat  and  of  mechanical 
work  which  they  are  able  to  produce,  and  who  compares  with  it  the 
exceedingly  small  electric  attraction  \vhich  the  poles  of  a  battery  of 
two  Daniell's  cells  show.  Nevertheless  this  little  apparatus  is  able  to 
decompose  water. 

The  quantity  of  electricity  which  can  be  conveyed  by  a  very  small 
quantity  of  hydrogen,  when  measured  by  its  electrostatic  forces,  is 
exceedingly  great.  Faraday  saw  this,  and  has  endeav'ored  in  various 
ways  to  give  at  least  an  api)roximate  determination.  The  most  power- 
ful batteries  of  Leyden  jars,  discharged  through  a  voltameter,  give 
scarcely  any  visible  traces  of  gases.  At  present  we  can  give  definite 
numbers.  The  result  is  that  the  electricity  of  1  m.grm.  of  water,  sep- 
arated and  communicated  to  two  balls,  1  kilometre  distant.  Mould 
produce  an  attraction  between  them,  equal  to  the  weight  of  25,000 
kilos. 

The  total  force  exerted  by  the  attraction  of  an  electrified  body  upon 
another  charged  with  opposite  electricity  is  always  proportional  to  the 
quantity  of  electricity  contained  in  the  attracting  as  on  the  attracted 
body,  and  therefore  even  the  feeble  electric  tension  of  two  Daniell's 
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I'IciiH'iits,  ;u-(iii)i  llir<>ii;r|i  an  i-lM-trulytir  ••♦•11  ujm.h  tin*  Mi<iniioiL«  «|iuiii- 
titicH  of  cli-i-tricity  with  \Nlii<li  tli«-  ttMi.-titih-nt  i«>ii>  of  wat^r  an* 
rliarir*"*!.  i-  mijility  «'M(>ii):^Ii  to  M-|iarat«-  tln~4'  ••Ifiiu-nt.-  aii<I  tn  k<i-|i  tlu'Hi 
H*|>iirat»'<l. 

Wt'  now  tiifti  to  invoti^rat*'  wliat  motion-  of'  tin-  jHiii«lrr:il»l«*  iiioU*- 
ciilex  nnjuirf  tin-  action  of  tin*****  font>.  \a\.  n-  Utrin  w itii  the  •■sim? 
wlicn*  the  «on(hirtin^'  li<|iii<l  i-  »nrroun<i<ii  «vrnwht*r»'  hy  in^iilatin^ 
Ixxlics.  Thru  no  <'h"«-tri«'ity  nin  rntfr,  non«-  ••jin  p»  out  thniu^h  itf 
snrfaci',  hnt  |io-.itiv«'  rh-i-tririty  ••iin  U-  driven  to  one  -i«h-,  nt-pitivt-  ti» 
tlir  oth<r,  hy  the  attnutin^  ami  r«|Mlhnj:  forM>  of  i\t*nial  rh'«tiiH«'«l 
htMho.  rhi~  |>riMf>.-  ^oiii^  on  :i.-  well  in  rvtTV  nu-tallic  roinlui'tor  i- 
t-silhil  "  ••Icciio-tatic  inthu-tion."  Li<|ni(l  «'«in«lnrt(»i>  U-have  «|uit«-  Hkf 
metals  uuiler  tlie^e  i*on«htion«-.  Prof'.  \Viilhnr  h:i>  |»rov«-«l  that  evi-n 
onr  lH>t  in>nhitorN,  «-x|»<»«4-«l  to  ch-itrie  font-s  f«»r  a  h»njr  time,  ai'e 
eharpil  at  hi.-t  <|uite  in  th<'  sime  wav  a*  nietals  woukl  In*  eharpti  in 
an  instant.  Then-  (-an  U-  no  ihtnitt  that  even  ele«-troniotive  ton-t-s 
j;oinj;  (hiwn  to  le>s  than  jl,-;  Ihmiell  |ir<Nhie(*  |KTfe<"t  eh-^-trii-iil  Mjuilih- 
riinn  in  the  int4'rior  ot'  an  eleetrolvtie  li<|ni<l. 

Another  nunewhat  nio«litie«|  in-tane*-  of  the  sjime  etVe«'t-  is  atlonh^f 
hy  a  voltametri<-  eell  rontainin;^'  two  eh'«-tro»li-s  of  platinum,  wliieh  an* 
e<)nne<-t«tl  with  a  I)anieli'-  itll,  th«"  eh-etroniotive  font-  of  uhirh  is 
insutlieient  to  (|r<-.iin|M.-.-  the  ehi-trolvte.  I'lith-r  thi^  eontlition  tin* 
ions  ejirried  to  tjie  ele<-triHh>  eannot  j:ive  oil' their  ele«'tri<' <'hari;«-. 
The  whole  a|)|)anitux  Uhaves,  «>  was  first  ae«vntuate<I  hy  Sir  \V. 
Th<»ms4>n,  like  a  eon«len>er  of  enornuais  (tinsieitv. 

OhK'rvin^  the  j»olari/in^  and  de|M)larizin^  eurn-nt.-  in  a  «vll  <"on- 
tainin^  two  ehitPMh-s  of  platinum.  hern>eti«-.illy  s«iih-«l  and  fni-*!  of 
all  air,  we  ejin  ol».«^rve  tlHx-  |ihenomena  with  tlu*  mo>t  tW-hle  el^-trt^- 
ni«)tive  t'orefs  of  j^^^  I>ani«-ll,  and  I  found  that  down  to  thi>  limit 
the  f:ipaeity  of  the  platinum  >url'ae<'*  pniv«il  to  U-  e»»n-taut.  \\y 
taking  peater  surfae«>  of'  platinum,  I  sup|M»i<«  it  will  U-  |Kis.»ihle  t*» 
reach  a  limit  nni«li  lower  than  that.  If  any  ehenue:il  force  existed 
U'sich's  that  of  the  »le«tri«al  •harp's  which  otuld  Innd  all  the  jKiirs  of 
opjMisite  ions  to^etlnr,  and  ni|uin'  any  amount  of  work  to  U-  van- 
(|uish<Hl,  an  interior  limit  to  tiu"  ele«'troniotive  f»inx>  ou^ht  to  exist, 
wliicii  fon-es  an-  ahle  t«t  attract  the  atoms  to  the  eUvtrmlt^i  and  to 
chiirp'  thi-s*'  as  eon«lens«'rs.  No  phenomenon  indimtini:  such  a  limit 
has  as  vet  U>en  dis<ttveretl,  and  we  nui^t   <i«nelude,  thenfon',  that   na 
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other  force  resists  the  motions  of  the  ions  through  the  interior  of  the 
liquid  tlian  the  mutual  attractions  of  their  electric  charges. 

On  the  C(^ntrary,  as  soon  as  an  ion  is  to  be  separated  from  its  elec- 
trical charge  we  find  that  the  electrical  forces  of  the  battery  meet  with 
a  powerful  resistance,  the  overpowering  of  which  requires  a  good  deal 
of  work  to  be  done.  Usually  the  ions,  losing  their  electric  charges, 
are  separated  at  the  same  time  from  the  liquid;  some  of  them  are 
evolved  as  gases,  others  are  deposited  as  rigid  strata  on  the  surface  of 
the  electrodes,  like  galvanopla.stic  copper.  But  the  union  of  two  con- 
stituents having  powerful  affinity  to  form  a  chemical  compound,  as 
you  know  very  well,  produces  always  a  great  amount  of  heat,  and 
heat  is  equivalent  to  work.  On  the  contrary,  decomposition  of  the 
compound  substances  requires  work,  because  it  restores  the  energy  of 
the  chemical  forces,  which  has  been  spent  by  the  act  of  combination. 

Metals  uniting  with  oxygen  or  lialogens  produce  heat  in  the  same 
way,  some  of  them,  like  j)ota.ssium,  sodium,  zinc,  even  more  heat  than 
an  equivalent  quantity  of  hydrogen  ;  less  oxidizable  metals,  like  cop- 
per, silver,  jilatinum,  less.  A\'e  find,  therefore,  that  heat  is  generated 
when  zinc  drives  coj)per  out  of  its  combination  with  the  compound 
halogen  of  sulphuric  acid,  as  in  the  case  in  a  Daniell's  cell. 

If  a  galvanic  current  pa.sses  through  any  conductor,  a  metallic  wire, 
or  an  electrolytic  fluid,  it  evolves  heat.  Mr.  Prescott  Joule  was  the 
first  who  ])roved  experimentally  that  if  no  other  work  is  done  by  the 
<'urrent,  the  total  amount  of  heat  evolved  in  galvanic  circuit  during  a 
certain  time  is  exactly  equal  to  that  which  ought  to  have  been  gene- 
rated by  the  chemical  actions  which  have  been  performed  during  that 
time.  But  this  heat  is  not  evolved  at  the  surface  of  the  electrwles, 
where  these  chemical  actions  take  place,  but  is  evolved  in  all  the  parts 
-of  the  circuit,- proportionally  to  the  galvanic  resistance  of  every  part. 
From  this  it  is  evident  that  the  heat  evolved  is  an  immediate  effe(!t, 
not  of  the  chemical  action,  but  of  the  galvanic  current,  and  that  the 
chemical  M'ork  of  the  battery  has  been  spent  in  producing  only  the 
-electric  action. 

If  we  ap})ly  Faraday's  law,  a  definite  amount  of  electricity  passing 
through  the  circuit  corresponds  to  a  definite  amount  of  chemical 
■decomposition  going  on  in  every  electrolytic  cell  of  the  same  circuit. 
According,  to  the  theory  of  electricity,  the  work  done  l)y  such  a  defi- 
nite quantity  of  electricity  which  passes,  producing  a  current,  is  pro- 
l^ortionate  to  the  electromotive  force  acting  between  both  ends  of  the 
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c<>n<Iiictor.  Vnii  -^f,  tlii-njon'.  that  the  elpotroniotive  fore*-  ..i  ;i  ;^ii- 
vaiiic  cii^-iiif  inii-t  !»••,  and  i«  iiHl«f<l,  |>ro|MirtiMiiat*-  to  the  httH  j^Mie- 
rate<I  \>y  [\ir  -iim  <»t'  all  lh«-  chemical  artion^  jfoinir  «»n  in  all  tJK' 
fleet roly tie  cell-  (lining  the  jia-sip*  <»f  the  suiie  <|tiantitv  of  e|ii*trie- 
ity.  In  «'<'lls  <»(■  the  pilvanie  hatterv  <'heniieal  t'or<f?<  are  l>r«>ught  into 
aetion  altle  to  |ir<Mlnee  work  ;  in  <i'll>  in  which  (h-('oin|M>>4itioii  is  (iceur- 
rinj;  work  nin>t  U-  (|(»ne  a^.iin^t  o|)|M)sinj;  eheinii-al  ton-es  ;  the  n-wt  of 
the  work  «lon<'  apiwar^  a.«<  heat  evolve*!  l»y  the  <iirrent,  a.*  far  :i>  it  i.-* 
not  use<l  np  to  pro«hii«'  motions  of  niaifnets  or  other  e«jiiival«nt»*  r»f 
work. 

IlithertC)  we  h:t\'  «ii|.|i..-ii|  iliat  tii<-  ion  wnii  U'  clectrje  <iiai-;^f  i-; 
H-|(anite«l  from  tin-  fhji<l.  Hut  the  {N>n<ienil»le  atoms  j-an  j;ive  ol!"  tlnir 
eleetrieity  to  tin-  ej.. node,  and  remain  in  tlie  li«|uid,  Inin^  now  ele<- 
trieally  neutral.  I'lii-  makes  alm<»^t  no  ditlerenn'  in  the  value  of  the 
(iceiromotive  force.  For  instane<\  if  chlorine  is  NH-paniteil  at  the 
ano.|r,  it  will  nniain  at  fir-t  ahsorlHtl  l»y  the  li(|uid  ;  if  tlie  sulutiou 
becomes  saturated,  or  if  we  make  a  vaeinim  over  the  liquid,  tin-  i^i* 
will  ri.sf  in  huhlde.-.  The  eIe«'tromotive  fon**'  remains  unaltereil. 
The  ssanie  may  Ix-  <tl>s<^'rvtHl  with  all  the  other  pises.  You  sec  in 
this  ciLse  that  the  chanp'  of  eU'etrie:dly  ne^itive  cidorine  into  neu- 
tral chlorine  is  the  priM><vs  which  n^piires  hi  ^rt-at  an  amount  of 
work,  even   if  the  pondfialtle   matter  of  the  atoms  remains  whi-n-  it 


was. 


TIk'  more  tlu'  >urlai  c  >>i  the  p«»>itive  eU-<tr<Kle  is  t-oventl  with 
negative  at<»ms  of  the  anion,  and  the  nej^ative  with  the  |H»>itive 
one8  of  the  cjition,  tin-  more  the  attracting;  fonv  of  the  elivtrodes 
exertetl  upon  the  ions  of"  the  litpiiil  is  «liminished  hy  this  seciind 
strjitum  of  opposite  elntricity  cx>vering  them.  On  the  it>ntn»rv,  the 
f<»rc<'  with  which  tin-  jMisitive  oltvtricity  of  an  ati'm  of  hv«lro^'n  is 
attractcil  towards  the  ne^;atively  charj^xl  metal  incrwises  in  pn»|M»r- 
ti(tn  as  more  negative  ele<"tricity  ndhvts  U'fore  it  on  the  nutal.  and 
the  more  negative  electricity  «'olleft>  U'liiml  it  in  the  titiid. 

Su«h  is  the  nuHhani>m  l»y  which  elei'tric  fortv  is  ntmvntmtoil  an»l 
increaxil  in  it-^  intensity  to  «.uch  a  degivc  that  it  Ixvomes  aide  to  over- 
power the  mightiest  chemic-al  atliinities  we  know  ot*.  If  this  c:ui  l>e 
done  l>y  a  p«tlarizixl  surfaiv,  acting  like  a  ci»ndenser,  charge«I  by  a 
very  nKHJenite  eU-i'tnunotive  fonr,  ran  the  attnictions  U'tween  the 
enormous  ehntrit"  charges  of  anions  and  t~ations  play  an  unim|>ortant 
anil  inditferent  jwirt  in  ciicmicxd  affinity  ? 
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You  see,  therefore,  if  we  use  the  language  of  tlie  dualistic  theory 
and  treat  positive  and  negative  electricities  as  two  substances,  the  ])he- 
iiomena  are  the  same  as  if  equivalents  of  positive  and  negative  elec- 
tricity were  attracted  by  different  atoms,  and  perhaps  also  by  the 
different  values  of  affinity  belonging  to  the  same  atom  with  diflferent 
force.  Potassium,  sodium,  zinc,  must  have  strong  attraction  to  a  pos- 
itive charge ;  oxygen,  chlorine,  bromine  to  a  negative  charge. 

Faraday  very  often  recurs  to  this  to  express  his  conviction  that  the 
forces  termed  chemical  affinity  and  electricity  are  one  and  the  same. 
I  have  endeavored  to  give  you  a  survey  of  the  facts  in  their  mutual 
connection,  avoiding,  as  far  as  possible,  introducing  other  hypotheses, 
except  the  atomic  theory  of  modern  chemistry.  I  thiidv  the  facts 
leave  no  doubt  that  the  very  mightiest  among  the  chemical  forces  are 
of  electric  origin.  The  atoms  cling  to  their  electric  charges  and  the 
opposite  electric  charges  cling  to  the  atoms.  But  I  don't  suppose  that 
other  molecular  forces  are  excluded,  M'orking  directly  from  atom  to 
atom.  Several  of  our  leading  chemists  have  begun  lately  to  distin- 
guish two  classes  of  compounds,  molecular  aggregates  and  typical 
compounds.  The  latter  are  united  by  atomic  affinities,  the  former  not. 
Electrolytes  l)elong  to  the  latter  class. 

If  M'e  conclude  from  the  facts  that  every  unit  of  affinity  of  every 
atom  is  charged  always  with  one  equivalent  either  of  positive  or  of 
negative  electricity,  they  can  form  compounds,  being  electrically  neu- 
tral, only  if  ever^'  unit  charged  positively  unites  under  tjie  influence 
of  a  mighty  electric  attraction  with  another  unit  charged  negatively. 
You  see  that  this  ought  to  produce  compounds  in  which  every  unit  of 
affinity  of  every  atom  is  connected  with  one  and  only  with  one  other 
unit  of  another  atom.  This  is,  as  you  will  see  immediately,  indeed, 
the  modern  cheinical  theory  of  quantivalence,  comprising  all  the  satu- 
rated compounds.  The  fact  that  even  elementary  substances,  with  few 
exceptions,  have  molecules  composed  of  two  atoms,  makes  it  probable 
that  even  in  these  cases  electric  neutralization  is  produced  by  the  com- 
liination  of  two  atoms,  each  charged  with  its  electric  equivalent,  not 
l»y  neutralization  of  every  single  unit  of  affinity. 

But  I  abstain  from  entering  into  mere  specialties,  as,  for  instance, 
the  question  of  unsaturated  compounds ;  })erhaps  I  have  gone  already 
too  far. .  I  M'ould  not  have  dared  to  do  it  if  I  did  not  feel  myself 
sheltered  by  the  authority  of  that  great  man  who  was  guided  by  a 
jiever-erring  instinct  of  truth.     I  thought  that  the  best  I  could  do  for 
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Ills  incmory  \v:i>  t<»  n-call  to  the  iiiiinl-  of  the  mm'Ii,  hv  tin*  ciK-rgv  and 
and  int«'IIi^«'n<'«*  of  whom  cluMniHtrv  Iul-^  niid«Tgonc  it.-*  MKKiern  aston- 
isiiin^  <l«;veloj>iuent,  what  in)|N)rtant  tr«L''Un*>  of  knowlod^e  lie  .••till 
hicldcn  in  the  work>  of  that  wond«'rfiiI  <^pniux.  I  am  not  Huftioientlv 
a«'«|iiaintod  with  chrmi.xtrv  to  Im«  confidt-nt  that  I  liavi-  j;iv«Mi  th«'  rij»ht 
iiitiipntatioii,  that  intiMprt'tation  whirh  Faraday  hinwlf  wi»id«l  hav<.* 
^ivcn  jMrha|)-,  it"  h«'  had  known  thr  law  of  cInMnif-d  <|nantivah'n«-<>, 
if  he  had  ha<l  th«'  <x|Miinnntal  mi-iu^  of  a-xi-itainin^  h<«w  hir^«*  tin* 
<'Xt<'nt,  how  iinf.\c<*j)tional  thf  a<*<'nnu'v  of  hi**  hiw  niillv  i-^ ;  and  if  ho 
iiad  known  thr  jnciis*'  formidation  of  the  htw  of  enrrirv  ap|»lii'4l  to 
<  ln;mical  work,  and  of  the  hiws  whi«'h  dfHTininr  th**  di-^trihiition  of 
idtH'tric  font's  in  space  a-*  well  as  in  |)on«ienil)h>  ImxHc-.  tt^in-<mittini; 
<'Uvtri<'  iMiircnt  or  f(»rming  conthMistTs.  I  shall  «on-.i«h'r  mv  work  of 
to-day  well  rrward*"*!  if  I  have  suc«'«'«>«h«d  in  kindling;  an«'W  tin-  inf«M- 
i'st  of  <'ht'mists  tor  thf  (.'l«.H-tr<>-<'hfmif:d  part  of  tln'ir  V^-ientv. 
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\M»   l'<  >^ril\'K. 


JJy     .InllN      C  A  Kin    IT. 
\l.«ir:i<'t  of  a  l.t'ctiiro  <lclivi>rf<I  l»efnr»>  tli««  Kntnklin  liiotituli*.  Apnl  25    Hh| 


Anioni;  the  ininicroiis  civilizing  and  c«lncational  a.:<  n.  ii>  i.i  iiii> 
iiinetifnth  ccntnry  that  have  hn-n  and  arc  now  hcnctittini;  mankind 
.stand  pre-eminent  the  Steam  Kn^ine,  KI«H>tricitv  and  l'h«»ti»iiniphv. 
l'|)oii  the  two  finiiier  I  ne«tl  not  dwell  U't'ore  an  audiemv  ot'  the 
Franklin  Institntc. 

It  may,  howcvei-,  Im-  interesting,  and  |M'rhaps  to  some  in>tnictive,  to 
l»rictly  trace  the  histttry  of  photography,  het'oro  pnKtttlinir  to  the 
tl«.!scription  and  illustration  t»f  mtHJern  phot«»ijraphv,  nei/ativo  and 
piKsitive,  this  Irmiii;  the  main  ohjtvt  for  which  I  have  the  honor  to 
appear  hefore  you  this  evenini;. 

IMiototrraphy  mean<  literally  writing;  l>\  luian^  ..t  iii;ht,  and  i»  .>f 
nuuh  older  origin  than  many  >iipp«»>e.  The  eminent  Sw«tiish  chemi-t, 
iSeheelo,  wjis  the  lii-^t  t'>  notit'e  tiu'  diHH>m|>«tsin(r  action  of  liiiht  on 
<'omj>ounds  containing;  silver,  and  in  1777  ohtaineil  the  first  photo- 
liraph  ot'  the  solar  >|Hftrnm. 

The  first  attempt  to  tvnder  tiie  action  of  livrht  availal>le  in  the  repn>- 
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duction  of  drawings  was  made  about  1 802  by  Wedgwood  and  Davy, 
who,  while  they  succeeded  in  obtaining  images  by  aid  of  the  sun's 
rays,  were  unable  to  fix  or  render  unalterable  those  parts  of  the  sensi- 
tive surface  not  acted  upon  by  the  light. 

It  was  not,  however,  until  the  discovery  by  Sir  John  Herschel  of 
the  power  of  hyposulphite  of  soda  to  dissolve  the  salts  of  silver  that 
are  insoluble  in  water,  that  any  real  progress  was  made  in  this  art. 
The  discoveries  of  Daguerre,  of  France,  and  Talbot,  of  England, 
were  made  known  to  the  world  in  1839;  for  some  years  previous  both 
liad  been  experimenting  to  produce  photogenic  drawings  by  the  aid  of 
light  and  the  camera  obscura  (the  invention  of  Baptista  Porto  in  the 
sixteenth  century),  Daguerre  on  metal  and  Talbot  on  paper. 

Daguerre  took  a  polished  silver  plate,  made  sensitive  to  light  by 
exposing  it  to  the  vapor  of  iodine,  and  after  exposure  in  the  camera 
developed  the  image  by  the  vapor  of  mercury. 

Talbot  used  paper,  coating  the  surface  with  a  solution  of  iodide  of 
potassium  in  water,  and  when  dry  again  coating  with  an  aqueous  solu- 
tion of  nitrate  of  silver,  drying  and  exposing  in  the  camera,  devel- 
oping the  image  with  gallo-nitrate  of  silver. 

The  Daguerreotype  i>rocess,  as  given  to  the  world,  was  but  in  a  crude 
form,  the  sensitiveness  being  of  a  low  degree,  requiring  15  to  20  min- 
utes' exposure  in  sunlight  to  obtain  an  impression,  and  the  image  not 
permanent;  nevertheless,  the  results  at  that  time  were  considered 
marvelous.  On  the  process  becoming  known,  men  of  science  took  up 
the  study  of  Daguerreotyping,  and  speedily  improved  upon  the  results 
obtiiined  by  Daguerre.  To  M.  Godard,  of  London,  is  due  the  credit 
of  increasing  the  sensitiveness  of  the  plates  by  using  the  vapor  of 
bromine  in  addition  to  iodine,  as  employed  by  Daguerre,  and  to  M. 
Fizeau,  of  Paris,  the  rendering  of  the  impression  })ermanent  by  giving 
the  pliite  a  slight  gilding  of  gold.  The  Daguerreotype,  while  one  of 
the  most  beautiful  pictures  ever  produced  by  photography,  owing  to 
its  reversed  image  and  want  of  duplicating  power,  received  its  death- 
blow on  the  advent  of  Archer's  collodion  process  in  1851,  and  was 
practiced  for  only  a  few  years  after  that  time. 

The  Calotype  process  of  Fox  Talbot,  or  Talbotype  as  it  is  generally 
named,  was  never  a  favorite,  on  account  of  the  difficulty  of  getting  rid 
of  the  eifect  of  the  grain  or  fibre  of  the  paper  on  which  the  negative 
was  made;  but  Le  Gray,  of  Paris,  removed  this  objection  in  a  great 
measure  by  his  imj^rovement  of  waxing  the  paper  negative. 
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Tlii-  j>r<»<T->.-  \va>  siU'<'«MMlt'<I  l»y  tin-  all>iniu'n  |>r<Hin»  of  Nie|Kf  de 
Haiiit  N'ictor,  altiiiiiKti  iM-in^  u.-i<*<l  ii<  the  vehicle  to  h<>Ii|  the  "iensicive 
Kilt>  of  silver  on  ^\n!-s  phites,  it**  •^iij;^e>te«l  hy  Sir  John  IlerH-lnl; 
ulthou^h  a  slow  |tnM-<rss,  it  yi<'l<KNl  nej^atives  of  line  ijiiaiity,  al^»  )H»*i- 
tives,  ami  i.ssiill  extensively  ns^-*!  in  France  in  the  pHKliu-iion  of  tnm— 
pareiieies  i\tv  the  lanbrii.  Me>sr-.  I>:in;;«'nhi-ini  iJro^.  an«i  Fnuicis 
fcH'lircilx;r,  of  l'iiila(lel|ihia,  a^  u<II  :t~  <.ili.  i-  in  Xm.  ii.:i  w.  i-.-  «ii,ti-^*- 
ful  workers  <tf  this  jinweNS. 

In  18'')1  F.  S'ott  Archer,  ol'  l/omlon,  :f«  |»revi»)U»iy  stJite<l,  j;;:ive  in 
the  w<irl(l  his  colhxlion  jinK-es-^,  \vhi«h,  with  *li^lit  nullifications,  Ikls 
been  usetl  Jis  he  j^ive  it  for  nearly  thirty  ye-ars,  and  is  cjilhil  hv  the 
pruf(.>s8ion  the  art  prortsM.  lu^  use  is  contine<l  chietly  t«»  the  hniMin^ 
or  j;allery  of  the  |tliot();rpajih«r,  the  ^reat  (liflicnlties  involve!  in  tnms- 
portinj;  the  chcniical.-  and  "dark  ro«»ni"  apparatus  in  a  sorvio-rihle 
c<»ndition  tor  out-dooi  |»liotoj;raphinj;;  restrii-ting  its  u*'  niainlv  to  pro- 
fessionals. Since  the  advent  of  cul|(Mlion  <'«)n.xtant  etl'ort  \in>  U-eii 
nia<le  to  prej»are  the  sensitive  plates  in  a  <lrv  >tate,  with  o)lliNlion  or 
coll«>di(in  and  alhunu'n  condtin«'<l,  and  with  c^msidfralde  siutf^s  hv 
l><»th  professional  and  amateur  phoio^niphers;  yet  the  most  suc«t'!>»rul 
in  preparing;  these  plates  felt  seriously  at  times  that  a  niorst  essential 
tpiality — rapitliiy  or  sensitiveness — wits  lacking,  as  thev  ntpiinil  an 
exposiM'e  of"  from  four  to  tin  times  a>  long  as  wet  i-ollo* lion  |»late-.  it 
was  not  until  another  vehi«'le  for  holdinj;  the  seiivitive  sdis  of  >ilver 
was  found,  that  a  ra|titlity  of  action  e<pial  to  and  excectling  the  nuist 
sensitive  wet  colUulion  plate  was  attaiuinl,  and  dry-plate  photogniphv 
hecame  |»ra«'ti("al>le  to  the  profes.-ional  photoj^nijiher. 

In  the  new  meth<Hl  p:elatine  is  the  material  with  which  the  "H-n.-itive 
salts  of  silver  are  coiul»ine<l,  aiiil  plates  are  piv|KUitl  of  the  iiu^t 
exalte«l  sensitiveness.  This  pnK'css  is  not  yet  ten  vears  «»ld.  To  I)r. 
\i.  \j.  Maddox,  of  London,  is  due  tiie  ereilit  of  first  puhli.-hini;  a 
formula  for  their  preparation.  For  six  or  sinen  yiKirs  very  little  noiitv 
was  takt'U  of  it.  hut  I'or  tin-  |»a.>i  two  yeai-s  the  phottigniphie  world,  or 
(hat  part  ot"  it  on  the  other  ""iile  of  the  Atlantic,  has  Un-ome  eiitlui- 
sia>tic  over  it,  and  now  the  fever  li:i~  n:uli..l  \  inori«";»n  pho(<»5^rapher>i, 
hotli  amateur  an<l  jirot'essional. 

This  platino-hromidc  pro<t*s«.,  a>  it  is  genenilly  c:dlotl,  is  tvrtainlv  a 
wonderful  advamv  in  the  art  H-ienci-  of  phot«^graphv,  enaitling  impn^s- 
si(tns  in  the  c:imorii  to  Ik;  ohtainetl  in  from  one-sixth  to  one-tenth  the 
time  of  the  mo>t  nipid  o«>llodion  plate  hitijerto  emplovixl.  The  prt'- 
WnoiF  No.  \i'\    t'XI— iTiuHP  Skkirs,  Vol.  Irxxi.)  3li 
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paration  of  these  "gelatiuo-bromide"  plates  is  in  brief  as  follows:  To 
a  solution  of  fine  gelatine  in  water  is  added  bromide  of  potassium  or 
ammonium;  in  another  portion  of  water  is  dissolved  nitrate  of  silver; 
in  a  room  lighted  through  dark  ruby  glass,  the  solution  of  silver  is 
added  by  degrees  to  the  bromide  and  gelatine,  and  well  stirred.  It 
must  be  kept  in  a  fluid  condition  for  some  hours,  at  a  moderate  tem- 
perature, and,  where  great  sensitiveness  is  required,  for  one  to  four  days, 
or  the  time  may  be  confined  to  an  liour  or  two  by  using  a  higher 
degree  of  heat.  It  now  remains  only  to  free  it  from  the  nitrates  of 
potassium  or  ammonium,  formed  during  the  making  of  the  emulsion, 
Avhich  is  done  by  pouring  the  emulsion  into  a  porcelain  dish  and  allow- 
ing it  to  set  to  a  stiff  jelly,  after  which  it  is  broken  up,  washed  in  sev- 
eral changes  of  cold  water,  drained  and  remelted  for  use,  and  the  plates 
are  coated  and  dried,  and  are  then  ready  for  use,  and  may  be  kept  any 
lengtli  of  time.  These  plates  are  being  rapidly  adopted  by  the  pro- 
fession, not  only  for  viewing,  but  for  the  regular  practice  of  photo- 
graphy in  the  studio,  as  they  require  no  preparation,  but  are  ready  at 
any  and  all  times  when  the  operator  is  prepared  to  make  the  exposure. 
For  scientific  explorations  they  are  of  great  value.  I  have  secured  a 
few  prints  from  negatives  taken  by  the  photographer  on  the  Howgate 
Expedition  to  the  Arctic  regions,  as  well  as  some  by  professional  and 
amateur  photographers,  on  gelatine  plates  made  in  this  city,  and  known 
as  the  "Keystone"  brand.  To  convey  to  you  some  idea  of  the  pro- 
gress made  in  shortening  the  time  of  exposure  in  the  camera,  one  of 
the  pictures  to  be  shown  on  tlie  screen  Avas  said  to  have  been  taken  in 
the  150th  })art  of  a  second.  Compare  this  with  the  fifteen  minutes 
exposure  given  to  the  Daguerreotype  spoken  of,  and  you  will  find  it  to 
be  one  270,000th  part  of  that  time.  It  would  not  be  fair  to  claim  for 
gelatine  dry  plates  all  the  credit  of  securing  these  wonderful  results ; 
the  perfection  to  which  our  optical  instruments  have  been  brought  has 
much  to  do  with  it,  and  I  have  here  to  show  you  the  most  recent 
improvements  in  dry-plate  apparatus,  made  by  the  Scovill  Manufac- 
turing Co.,  New  York. 

I  will  now  exhibit  to  you  a  few  slides  made  on  gelatine  plates  from 
gelatine  negatives,  and  then  proceed  with  the  remaiuflcr  of  my  subject 
— positive  photography  and  its  improvements. 

Reproducing  the  image  of  the  negative  on  paper  was  first  confined 
to  Talbot's  Calotype  process.  Plain  chloride  of  silver  paper  was  then 
used  both  for  direct  printing  and  gallic  acid  development  and  some 
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of  the  hitter  prints  have  stowl  thn  test  of  time  lMtt«r  than  any  "MUf 
rna<le  with  the  silver  sa!t<.  Allnimr'n  pajwr  wiv*  intr<NlufO»I  alnrnt 
J 854 — that  is,  pa|Kr  <-<iat<'<l  with  a  layer  of  allMiinen  contninin^  a  «vr- 
tain  ani(»nnt  of  clihirich*  of  aninioninin  or  MMlinrn  atxl  <lri<-<l.  It  is  mmi— 
iti/<'(l  hy  floating;  it  on  a  solution  of  nitrate  «»f  silver.  After  <lryitj;:  it 
is  printe<|  under  the  nopitive,  toned  hy  p:u<*<in^  it  thronjfh  a  weak 
solution  of  (•lilori<le  of  i^oM,  then  into  a  --olntion  of  hy|Hxnlphite  of 
SfKJa,  teehnie:illy  railed  the  Hxin^-hatli.  After  a  thorough  w:t««hiii^ 
the  picture  is  tinishe><|,  so  far  :ls  any  eheini<-al  treatment  is  ne«'<ie<l. 
This  ha.s  l>eeii,  and  is  yet,  the  sta|)Ie  pnxjess  l>y  which  the  jj^eater  Wulk 
of  positive  impressions  is  pr«Kluc<'d.  It  was  early  diseoveml  that  the 
permanence  »»f  the  prints  \va<  t»ot  assured,  and  varion-  attempt.-,  have 
been  made  to  replace  the  alltiimen  print  hv  one  «tf  a  more  dnniMe 
nature.  'I'he  pHK-c-ss  that  at  one  time  s<'cine<l  jlctined  to  supplant  it 
Wits  the  carbon  prom-ss,  which  wa.-^  adopte*!  bv  smne  tew  photMi^rapher^, 
to  the  exclusion  of  silver  prititin^r;  but,  after  a  thorough  trial,  it  hail  to 
Im' abatjdoncd  for  the  old  process.  The  carbon  ppM'j'ss  find>  but  limitMl 
application  in  .\merica,  while  in  Kn^land  it  is  made  us*-  of  to  a  Uir^v 
<'xf<'nt  in  the  rcpnujuctiou  of  work:;  of  art. 

The  nc.vt  |)nM'css  to  attnict  public  attention  w:i.s  the  |>latinum  pro- 
<'ess  of  W.  Willis,  .Ir.,  of  London,  but  now  of  New  York.  In  this 
proces-s  it  wa-i  aimed  to  repla<'e  the  silver  salt  by  the  l<^<  o.xidiwible 
metal  platinum.  At  lirst,  while  the  priM'<'ss  «p»ve  verv  beautilul 
n-sults,  it  reijuired  chemical  l<nowl<'d«re  on  the  part  of"  the  ojM-nitor, 
an<l  so  mu«'h  care  that  it  was  |>ractically  valueless.  .Vbout  two  ye^irs 
aj^o  Mr.  Willis  di.s<*overiHl  a  meth«Kl  by  which  all  tlu-se  ohjot-tionable 
featuri-s  were  removiMl — the  pnM'«'.ss  much  simplitieti  and  reliable 
nsidts  obtained!  with  onlinary  care.  This  ppnt-ss,  in  it.s  improve*! 
form,  I  shall  now  destTilw,  and  develop  -.otnc  print.s  l»efon'  you. 

<  )idy  four  chemicals  are  made  tis<'of ;  they  an*  ferric  oxalate,  |M»ta.s- 
sic  oxalate,  pota.ssic  <'hloro-platinate  and  livdro«'hloric  a<'i«l.  ( >ne 
ounce  of  the  fi>rri<'  oxalate  s<»Iution  is  taken,  and  Irom  4(*  to  60 
jjrains  of  the  |M)ta.ssi<'  chloro-platinate  is  dissolve)!  tlierein.  Tins  is  the 
sensitizing;  solution,  which  if«  applii^l  to  the  •^urfju'c  of  the  |»:»|Mr  to  U* 
use<|,  by  means  of  a  pa«l  of  tiamiel.  I'he  |»:»|h.t  is  allowetl  to  Inxx>iuc 
surface  dry,  and  is  tlien  |)orfe<*tly  drie«!  by  the  aid  of  heat.  The 
exposure  to  li<;ht  is  made  in  the  usual  manner,  either  under  the  n«'jra- 
tive,  or  when  an  enlarijement  is  desintl.  I>y  the  us*«  of  tlie  S4»lar  «':iinera 
or  electric  light.      The  exp«wii   print  is  di'veloiKt!  in  or  on  a  hot  «m)1u- 
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tion  of  potassic  oxalate,  and  is  then  immersed  in  a  weak  bath  of  hydro- 
chloric acid  to  dissolve  out  the  iron  salt  left  in  the  paper,  and  finally 
washed  in  three  or  four  baths  of  plain  water. 

I  will  now  conclude  by  developing  some  prints  sent  to  me  by  Mr. 
Willis.  You  will  observe  a  faint  image  on  this  sheet  of  paper,  pro- 
duced by  the  action  of  light;  it  is  a  picture  in  ferrous  oxalate,  the 
iron  salt  only  being  reduced  from  ferric  oxalate  to  ferrous  oxalate,  the 
platinum  salt  being  in  intimate  mixture  only.  Now  if  to  a  solution 
of  ferrous  oxalate  in  oxalate  of  potassa,  a  solution  of  platinum  chloride 
be  added,  you  will  instantly  see  a  decomposition  of  the  platinum  salt 
in  the  shape  of  a  fine  black  powder;  and  this  is  what  will  take 
place  as  I  now  pass  the  print  through  this  hot  solution  of  oxalate  of 
potash.  You  see,  where  the  action  of  the  light  has  been  strongest,  the 
greatest  quantity  of  platinum  is  precipitated;  this  is  caused  by  the  dis- 
solving of  the  ferrous  oxalate  by  the  potassic  oxalate  solution,  when 
the  two  combined  instantly  reduce  the  platinum  salt  in  situ,  forming 
an  image  in  ])latinuiu  black,  known  as  spongy  platinum.  Prints  by 
this  process  have  been  subjected  to  the  severest  chemical  tests  without 
having  their  permanence  atiected  in  the  least.  I  now  pass  the  print 
into  this  water,  acidified  with  hydrochloric  acid,  whicii  will  dissolve 
out  the  iron  salt  not  acted  on  by  the  light — two  or  three  changes  in 
fresh  water  completing  the  process. 

Another  improvement  in  photographic  printing  is  now  being  devel- 
oped. It  is  the  application  of  gelatino-bromide  of  silver  to  paper  for 
enlargements  and  contact  printing,  the  image  being  developed  with 
ferrous  oxalate.  Gelatino-chloride  of  silver  lias  also  been  used  for 
contiict  printing  iii  place  of  albumen  paper.  As  yet  these  improve- 
ments have  not  been  brought  into  use  in  America,  but  I  am  safe  in 
saying  there  is  no  doubt  they  soon  will  be,  as  American  photograph  el's 
are  too  enterprising  to  let  any  improvement  having  merit  lie  idle. 


Prophets  without  Honor. — The  old  proverb  is  illustrated  by 
the  inventors  of  thermometers.  In  England  they  use  Fahrenheit's 
thermometer,  the  invention  of  a  German.  In  Germany  the  thermo- 
meter of  Reaumur,  a  Frenchman,  is  still  the  most  common.  In 
France  and  in  many  other  countries  the  Centigrade  thermometer^ 
which  was  inv^ented  by  the  Swede  Celsius,  is  universally  adopted. — 
Verkehrszeitung.  C. 


,Jim«,  1H81.J  Minimi   ( 'i^anoti/ff    /'rnifint;.  4*50 
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AlfliMii^li  Hi'ix'lit'l  slioweil  in  1842,  liy  iii«riiiiM  of  I'l'mx-itnit**  niid 
I'crrticyaiiidi!  of  itoUts'^iiitii,  lio\v  jHwitivc  ryanotyix*  were  to  Im*  |in>- 
(liK-rd  (hliie  lincH  ii|m>ii  a  wliiti*  ^nxiiitl),  tin*  iinjct^^^t  \va*»  oiio  tluit  li&<4 
nirely  Imhmi  adoptfd  in  practice  It  ia  su  exceedingly  ditlicult  t<M>l>tiiin 
clear  prints;  tlic  ^n»iind  is  al\vay>  ni<»rc  or  Ic^**  l»liic. 

IVIIct  was  the  <ii>t  to  >ljo\v  n-sults  of  a  faultlcs^^  character,  and  in 
the  last  lnt(*rnational  Kxhiltitiiui  hehl  at  l*ari>,  in  lJ<78,  winic  ver>* 
tine  po-^jtive  cvanotvpes  wt-rc  to  Im*  s4hmi.  The  pnnt-AH,  however,  l»v 
which  these  were  priMhu'iHl  w:i>  not  njade  known  in  it^  entirety.  It 
wjuH  simply  ><tAt4Hi  that  the  employment  of  slimy,  ^nm-like  snti^tanco 
■was  ri'sort<'<l  to. 

The  details  of  a  mo.-,t  excellent  ^um-iron  pro<v.v^  have  now  L-cn 
^iven  by  Captain  l'i//.i^hclli ;  this  method  acts  thoron^ldy  well,  and 
yields  nu»t  sjitisfactory  prints.  Thirty  volumes  of  a  !^»lution  of  jfiiiii 
anil»i<*  (water  5  parts,  j;nn>  1  part)  are  mixeil  with  8  volnim-s  of  an 
acpieons  solution  of  <-itratc  of  iron  and  ammonia  i  water  '2  part>,  doiihU* 
>alt  1  jtart  I,  and  to  the  mixture  is  ad<le<I  •')  volumes  of  an  aipintus 
•solution  of  perchloridc  of' in>n  ( wat4-r  2  parts,  iron  1  parti. 

The  mixture  a|>peaiN  llm|Md  at  tii>t,  luit  soon  jjrows  thicker,  and  it 
->Iii>mI(1  Im'  uv4'd  ijuicklv  after  mixini;  it.  It  i>  applie«|  to  well— 'i/itl 
pa|)er  \>y  ujeans  of  a  liru>h,  the  paper  l>einj;  drie<l  in  the  dark. 

Any  di-si^n,  «lniwin^  i>r  tr.icin^  may  lie  eniplovi^l  as  ne<^itive,  and, 
after  printini;  a  few  minutes,  the  development  is  pnio^'edeii  with.  A 
•solution  of  ternwvanide  of  |H»tjivsium  (wat«'r  5  parts,  fern»evanide  1 
part)  i>  applieil  with  a  hrush.  and  the  pictun'  ap|M*ar>  almost  in-<tantlv 
ji.-<  a  dark  hluc  positive.  .\"<  mmhi  :»s  everv  detail  has  ajiiMninil  the 
|)rint  is  tpiit'klv  rins<>il,  and  then  put  into  a  di--^!!  trtntainiiej  dilute 
liydriM'hlori<'  a«'id  (water  1(>,  acid  1  i.  when  tin*  imaire  Ihimuh-*  cIcaPT 
and  l>ri<;hter,  the  ;jn>und  «^et>  white  and  the  iruni-irou  tilm  i-.  n?M'>v>il. 
After  further  witshinij  the  print  is  dri«'«I. 

The  printing  and  finishini;  i»f  i?npn'ssiou>  pn»cef«l  \ery  nipidly  ;  in 
fair  wc'ather  it  taki-s  fnun  one  to  tw«>  hours  to  nirry  out  the  wh«>le  pn*- 
^'i-ss,  pre|mrinjLi  the  pjijHT  into  the  ktririun. 
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The  whole  secret  of  success  lies  in  the  use  of  the  gum  arable,  which 
forms  with  the  iron  salts  an  almost  insoluble  combination,  covering- 
the  paper  like  a- varnish.  For  this  reason  the  pores  of  the  paper  are 
not  filled  with  coloring  matter  where  no  color  is  wanted.  The  acid 
bath  removes  the  varnish-like  film  of  gum,  and  leaves  the  clear  posi- 
tive picture  in  blue  behind. — Photographic  News. 


Sugar  from  Rags.— The  manufacture  of  sugar  from  old  rags  is 
now  carried  on  on  a  large  scal^.  A  German  factory  is  regularly 
engaged  in  the  business,  treating  the  rags  first  by  sulphuric  acid  so  as 
convert  them  into  dextrine.  The  dextrine  is  bleached,  by  means  of 
milk  of  lime,  and  then  submitted  to  a  new  sulphuric  acid  bath  stronger 
than  the  first,  after  which,  being  transformed  into  crystals  of  glucose,, 
it  can  be  employed  in  jellies  and  confections.  The  glucose  which  is 
obtained  by  this  process  can  be  sold  very  cheaply,  and  it  resembles 
chemically  that  which  is  derived  from  grapes.  The  attention  of  the 
German  government  has  been  called  to  tiie  danger,  in  a  hygienic  point 
of  view,  which  may  arise  from  the  use  of  this  article. —  Chron.  Inch   C» 

The  Thermophone. — Mercadier,  in  his  experiments  upon  radio- 
phony,  has  succeeded  in  producing  the  desired  effects  by  means  of 
lights  which  are  much  more  feeble  than  an  ordinary  gas  jet,  and  even 
by  invisible  radiations.  He  first  noticed  that  when  powerful  lights 
were  used  there  w^as  no  need  of  concentrating  lenses;  it  was  sufficient 
to  bring  the  lights  as  near  as  possible  to  the  interrupting  wheel,  limit- 
ing the  pencil  of  rays  by  means  of  a  diaphragm  of  suitable  opening,, 
still  nearer  to  the  wheel.  He  then  took  a  copper  disc  of  two  milli- 
metres ('079  in.)  thickness  and  about  four  centimetres  (1'575  in.)  dia- 
meter, fixed  at  a  few  centimetres  from  the  diaphragm,  and  gradually 
heated  the  diaphragm  upon  the  face  opposed  to  the  wheel  by  means  of 
an  oxy-hydrogen  light.  He  thus  obtained  a  source  of  radiations  at 
first  invisible,  but  of  which  the  temperature  could  be  gradually  raised 
to  a  dull  red  and  to  a  bright  red.  In  the  latter  case  the  sounds  pro- 
duced are  very  plainly  heard,  and  if  the  light  is  extinguished  the 
sounds  continue  to  be  audible  even  after  the  disc  ceases  to  be  visible 
in  the  darkness.  The  experiment  can  be  made  without  difficulty  with 
receivers  of  glass  or  mica,  thin  and  smoked  so  as  to  have  a  true  ther- 
mophone.—  C'omptes  Mendus.  C. 


Jini.-,  IH81.]  Artifif'ia/  Soi/.  ^- 1 

Thermal  Conductivity  of  Fluids.  J  I.  1  .  Wdxr  lia.^  ixi-ri- 
meiiUMl  upon  iIm-  tlMiiiiul  c^uidiKtivity  f>i'  waUr,  glvwrine,  aln.ln.l, 
etlicr,  (•lilon.fniin,  Ih-m/mw,  ..livr-  oil,  ritroii  oil  and  VHri«ni>  .s*.liitioii>,, 
aii<l  he  finds  tliat  (ran>|KUrtit,  iion-iiu-tallic  fluids  have  iiwirlv  .•<jiial 
(•oiidiictivc  |M»\viT  af  •Hjiial  t,.|ii|MTatiin->.       \\'ir,l»,n.  Ann.  ( '. 

Dressing:  for  Leather.  A  t'uw.  liHIIiant,  .hwtir  dnrv,in^  lor 
Kathcr,  wlii.-h  .U~,  not  injur.'  sli.ws,  i-:in  U-  made  iv  follows:  To  three 
|>onndM  of  JM.ilin^'  water  a«l«l,  with  eontinrnial  stirrin^r,  a  half  |NMiml 
of   whitp  wax,  an  onnc«-  of  transparent  ^due,  tw<.  oum-es  of  pim  sene- 

^nd,  one  and  a  half  oi «•>  white  -MKip,  and  tw«.  onn«-es  .if  l»n»wn  .-.in.Iv. 

Finally,  a.hl  tw.»  an.l  a  half  oiin.-.^.  of  al.-ohol,  an.l,  aft.r  the  wh..le  is 
rooiwl,  thre.'  . Mince-  of  (in.-  Knmkfort  Mack.  The  .In^Mn^;  i>  thinlv 
aj.plie*!  t..  the  leath.r  with  asi.ft  l.ni>li  and  after  it  isdnVtl  it  is  nd»l»wl 
with  a  pie.-.'  ..f  fin.-  putni.-.-  ston.-  an.l  |M.lishe.l  with  a  stifl"  |,ni-h.— 
lUnltxrhi    ( ftii'frbi  -/)  itititi/.  '  (' 

Accurate  Thermometers.  A.  N\  ullner  ha>  U-en  making'  new 
in  vest  ijrat  ions  of  the  s|M'.ifu-  lie:it  ..f  water,  an.!  he  ha-,  foun.l  a.l  li- 
ti.Mial  r(?asons  tor  insistinir  n|M.n  th.-  itn|H.rtan.r- of  .-an-ful  thenno- 
nx'tri.'  Kr-aduation.  Th.-  .ustonjary  nn'th.Ml  ..f  tixin^r  the  fn-.*/inir  an.l 
lM)ilin^r  |)oint.s,  an.l  .livi.lin^'  the  interval  re^Mdarly,  is  very  ina.-.nrate, 
and  in  many  of  th.'  m.Ml.rn  .leli.':ite  physi.^il  invesii^ati<.n<  it  luid-  t.. 
results  which  are  wh.»lly  untrustworthy.  He  :tssc.rt>  that  n<.  .pii.k- 
silver  thermomet.r  sIk.uI.I  Ih'  use,l  in  physi.-al  mwisurenient-,  whi.ii 
has  n..t  iKjen  .-anfully  irni.luatetl  thr.Mi^rhnut  the  entirv  length  .»f  it« 
st-ale  hy  .'omparison  with  an  a.cunih-  air  therm.tmeter.— n7rt/ri/w;j«'« 
Anudlru.  /. 

Artificial  Soil— M.  l>ii.|..uy,  of  Sjiini  Ouen,  h:is  Utn  verv  suo- 
eessful  in  .h.'mi.-al  horti.ulturc.  In  his  ^nmlen  he  \\i\>  cultivated 
I.-;:um.s.  llow.i>  an.l  tre.<  in  pandl.l  r..w>  in  three  manners:  1.  with 
onlinary  mamir.-;  '_'.  with  chemi.-:!!  manun>s  in  ^nirden  M.il;  :\,  with  a 
s|Hrial  .•.»mp..un.l,  whi.-h  he  .•:dls  /«/•«/,  in  pure  .s:unl.  The  result-  ..f 
the  third  .'XiKrinunts  have  Ihh'U  very  striking',  yielding;  the  wirlit-^t. 
the  laru'ost  an.l  the  m.«t  .leli.rjite  vi-jjetahl.-s.  a-  well  a>  tl  Iiriltv 

and  l.rilliant  Howers.     The /om/  o.»ntains   nilnigcn,  j.i  a.-i.j, 

pt»tash,  majjnesia  an.l  sulphur  in  a  fonu  so  iiuuvntrat*".!  a-  to  rtnjuire 
.iiluti.Hi    with    twenty    thousin.l    linn's   th.ir   v.Jume  .»f  wai-r.     The 
exiH-riments  have  Urn  iiuitinu.tl  f.»r  five  year-  with   iiii;r..ifM  -n.,-.-- 
—  Lfs  MomU».  , 
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Bursting  Power  of  Ice. — Ed.  Hagenbach  experimented,  during 
the  past  severe  winter,  upon  the  bursting  force  exerted  in  the  expan- 
sion of  water  when  freezing.  Two  interesting  experiments  were  made 
with  cast-iron  hand  grenades.  The  outer  diameter  was  15  centimetres 
(5*9  in.),  tlie  inner  diameter  12'8  cm.  (5'04  in.)  The  shells  were 
filled  with  water,  closed  with  a  screwed  iron  plug,  and  exj)osed  to  the 
cold.  Both  shells  were  broken,  and  a  curved  thread  of  ice  was  pro- 
jected, by  means  of  an  ice  column,  from  the  upper  surface.  One  of 
the  i)lugs  was  evidently  thrown  out  Avith  great  violence,  and  to  such  a 
distance  that  it  could  not  be  found.  The  curvature  in  that  case  was 
bent  upward. —  Wiedemann's  Annalen.  C. 

Comparative  Value  of  Steam  Engines. — Hallauer's  recent 
experiments  have  led  him  to  the  conclusion  that  the  difference  between 
engines  of  one  and  two  cylinders,  in  point  of  economy,  is  very  slight. 
In  ranging  from  80  to  8000  horse-power,  with  revolutions  varying 
from  25  to  90  per  minute,  the  expenditure  of  steam  for  a  given  amount 
of  work  remains  the  same  for  the  same  type  of  motor;  the  consump- 
tions for  two  cylinder  motors  are  identical  for  Woolf  and  compound, 
whatever  may  be  the  volumes  of  the  cylinders,  provided  the  motors 
are  regulated  so  as  to  give  the  maximum  efficiency;  the  expenditures 
of  steam  in  motors  of  one,  two  and  three  cylinders,  suitably  regulated 
and  constructed,  are  so  nearly  alike  that  the  choice  may  be  governed 
in  each  instance  merely  by  the  fitness  of  the  type  of  the  engine  for  the 
])artieuhu-  purjiose  desired.  —  Hull,  dr  la  Soc.  Tnd.  de  Midhouse.      C. 
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Halt,  of  the  Institute,  May  18tli,  1881. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  58  members  and  9  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
announced  that  at  their  last  meeting  13  persons  were  elected  members 
of  the  Institute. 

Mr.  Cartwricjht  asked  and  obtained  unanimous  consent  for  a  sus- 
pension  of  the  order  of  business;  to  take  up  the  consideration   of  the 
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n'|K;aI  of  S4,'<'ti<»ii  I  of  Artirlu  III  ul'  tin-  I{y-la\v-«,  a.^  rf«-oiiiiii«'niK-<l  by 
tlif  lioanl  <»f  Maiiaj^crs  ;  al^t,  to  altiT  >M'<'tion  1  of  Artirlo  I  to  h-jmI 
aw  follows : 

**  TIh!  ival  and  jMixnial  «-i:it.-  .pi  tin-  Iiistitnli-,  :i-  Im-IiI  iijkui  tin-  1-t 
<!ay  of  .lamiaiy,  ISKl,  >|iall  Iw  valiuil  at  oin-  linii)lrMl  tli<>iis:iiiil  «|ol- 
lai>,  ami  -liall  Ik*  n'j»ref*«'iitctl  l»y  t«'ii  tliousan<l  share*!  of  stix-k  of  tlu* 
par  valiH'  of  ten  dollars  cadi  ;  and  in  addition  th<'n-to,  all  -nrnx  of 
inonov  or  otln-r  j»ro|MTty  (•ontril)nt«'<l  to  tin-  Trn^tt'i's  of  tin*  Jiiiildiii^ 
Fund,  for  the  pnrposos  <»f  tin*  In.Htitiitc,  shall  \»-  rc\tn>i'nivi\  by  an 
additional  innnlM-r  of  shan-s  of  st<K'k,  of  thf  s;iin('  jKir  valm*  i»f  tfii 
«IoIIhix  each,  which  may  Im-  issucil  by  authority  lA'  the  llfuird  of  Man- 
agers." 

I'jMtn  niution,  ilic  Sc<Tt»tarv  was  dir«*clcd  to  make  the  iic<t-«."iarv 
])ublicatlon  oi'  flic  above. 

The  loliowin*;  tlonations  to  the  liibrarv  are  re|»ort'ii| : 

Transactions  Pennsylvania  State  A^jricnltnral  Sxictv  lor  1)^71-2; 
1874-6;  1878-1880.'  From' the  Society. 

Transactions  from  the  Wiscoii>iii  State  Ai^ricidlural  SK-ietv  for 
1871-0;    l87(i-7;    1S7!)-S(».  From  the  SH-iety. 

Transjictions  of  th«'  Illinois  State  AL;ri<Miltiir:iI  S.icl.iv  for  iS'iJi-tW); 
1.S7L';    ls71:   1S7»;:    1S7  7.  and  1871J. 

l''rom  th<'  LK-partiie  lit  "i    A^^nciiitnr.- 

Aiiiiual  IvijMirl  of  ( )|»erations  of  the  f'lilt.d  ^t.it.-  I  .it".-- 1\  i||^ 
S/rvice  for  year  ending  .Innc  .'JO,  1880. 

From  liir   I  .iit--:i\  111;^  jiurian. 

.Minute-  III'  I'rocrcdini:*  ot"  I n-titiiiinii  of  ('ivil  Kn^ine<*rs.  Vol. 
(i.'{.      London.      1880-18S1.  Kn»m  the  Institution. 

Ke|»<iii  o|'  tin-  |io;»rd  of  tfclnKij  C'oiiimis.sioncr>  of  l^dtimore  tor 
18S(i.  From  the  < 'ommis>ii>nei>. 

r;i|Mi-  iit'laliiii:  to  tin-  Koivii;n  |{elatioii>  «»»f  the  Fnite<l  Stat*'?*. 
IHSli.  l''ron>  the  l>epartment  nf  Statt*. 

Memorial  of"  .lo>ejih   Hciir\. 

Smith.Minian  ('ontribntion>  to  Knowle«l;;e.      \'ol.  "J  5. 

Sntithsouian  Miscellaneoii>  ( '«tlle<'tions.      \'ols.  18— 21. 

I'I'olll    SlIlitll-otllMII     I  ll-titllt  Mil 

()tliei:il  Army  lui^ister  for  ISSl. 

From  Adjutant-lienend  l.  S.  A..  W  a>hini;toii. 

On  the  Ventilation  of  Hall-  of  .Vutlieno'.  \\\-  Holnrt  Hriirxr*.  < '•  F. 
I'hiladelphia.  From  the  .Vuthor. 
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Nintli  Annual  Report  of  the  Board  of  Directors  of  the  Zoological 
Society  of  Philadelphia.      1881.  From  the  Society. 

Useful  Information  Pertaining-  to  the  Generation  and  Use  of  Steam. 

From  Babcock  &  Wilcox,  N.  Y. 

Preliminary  Report  upon  the  Iron  and  Steel  Industries  of  the 
United  States.     By  James  M.  Swank.  From  the  Author. 

Almanaque  Xautico  para  1881  and  1882. 
From  Observatory  of  the  Maritime  Institute,  San  Fernando,  Spain, 

Proceedings  American  Academv  of  Arts  and  Sciences.  Vols.  1 — 8, 
1846-1873;  New  Series,  A^ols.  1—8  (Part  1)  1873-1881. 

From  the  Academy. 

Dr.  Robert  Grimshaw  read  an  interesting  ])aper  on  "  Air  Compres- 
sors," and  a  number  of  photographs  of  various  machines  were  pro- 
jected upon  the  screen.     An  abstract  of  his  paper  is  here  appended : 

"  Air  under  pressure  is  employed  for  the  transmission  of  power,  as 
the  principal  or  auxiliary  of  various  industries,  in  mines,  in  quarries, 
well  driving,  building  bridge  piers,  in  tunneling,  in  the  production  of 
cold,  in  sugar-making  and  refining,  and  various  chemical  works,  the 
manufacture  of  iron  and  steel,  for  ventilating  mines  or  buildings,  for 
transmitting  lelters  or  packages  in  pipes  placed  underground  or  other- 
wise, in  driving  street  ears,  etc.  It  makes  no  dirt,  and  liberates  no 
offensive  gases.  For  the  transmission  of  power  it  has  the  advantages 
over  steam  that  it  can  be  carried  for  any  distance  without  losing  any 
power  by  condensation  or  cooling  ;  it  is  drier  and  cooler  than  steam  ; 
and  in  mines  and  tunnels,  instead  of  rotting  timbers  and  heating  the 
galleries,  it  gives  good  forced  ventilation  by  good,  pure  cool  air.  It 
can  be  applied  in  any  direction  and  around  corners  ;  and,  by  the  use 
of  flexible  pipes,  may  be  moved  as  the  work  changes ;  it  may  be  used 
economically  and  applied  with  little  loss  from  friction.  As  an  instance 
of  this  last,  I  may  state  that  in  the  Hoosac  tunnel  air  was  carried 
7150  feet  in  8-in.  iron  pij^es,  its  pressure  falling  from  67  pounds  only 
2  j)ounds.  It  is  ray  intention,  this  evening,  to  narrate  briefly  the 
gradual  march  of  air  compression  as  a  factor  in  the  industries,  and  to 
show  the  princij)al  types  of  modern  com])ressors. 

"  Ctesibus  discovered  that  air  was  compressible,  and  his  pupil.  Hero,, 
of  Alexandria,  wrote  a  book  to  prove  it ;  but  from  that  time  till 
Papin's  dale  but  little  was  heard  of  it.  Papin  proposed  its  use  for 
running  engines.     In   1726,  Rowe,   in  an   English   patent,  proposed 
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nii^iii;^  \val«  T  In'  r..iii|ii»-v.*il  :iir  ;  :iii<i,  in  I  7 'i.'i,  Hall,  at  S-)KMitliit/. 
niise<l  \vat<'r  1  Hi  r<«t  tinriLv.  In  17'>7.  Wilkinson,  in  a  Hriti>li  |»al- 
i-nf,  sn;;m*.stt'<l  it.s  u.-m-  for  liU»\vin^;  furna«-«->,  with  a  M-rit-^  of  Vfs?x'l.-  an<l 
a  coin  mil  of  water  to  «tl«'«t  tin-  (•oinpn-x-iuii.  (It  may  Ik-  iiot«-«l  that 
tilt'  iiKxhin  ton'JfiKV  in  air  comprtrsHion  it*  the  iwc  «>f  walir  :i>  the 
comprcHsiii);  mmliiim.)  In  IXIO,  the  cMcr  HriincI,  in  a  jKitent  U-iiriii^: 
his  name,  wa<  vainly  jMMJcjivorinj;  t<t  |Kitfiit  |>tr|R'tiial  motion. 

*'  In  ISJH,  I{oiii|ta.s,  in  a  provisional  British  patent,  proiMiKxI  to  pro- 
pel l<M'omotives  hv  <'ompri'j<st'<l  air;  and,  in  the  sumo  year,  Colhulon 
|inipo>r(l  to  IininrI  to  riiiplov  it  in  the   rhami>s  tunnel. 

"  In  1821',  Mann  proj»ox.'«l  to  pro|K'l  ti.\«il  ami  l»H-omotive  iiuu-liinery 
l)y  air  eoinpres-s^-^l  in  a  n-ries  of  pnin|>s  of  *iiuvt2>(*ively  smaller  aresi?-, 
ejih'iilatinj;  thex-  an-.is  up  to  the  sizes  ne<-<le«l   to  G4  atimisphen-s   \tr*-s- 

sure.      It  must  Ih-  in»te<l   that  «In>  i-   fl i-.'iM   "•"  ^^I'l'    i>   kiiowii   :i« 

'  stu^e-pumpin^.' 

"  In  18.'i<),  the  reiviver,  as  an  ap|M-iul;i^"  to  ilie  etimpn-s^sin^  |«iri.«», 
a|)p«':irs  ;  and,  in  1H41,  \'on  Itjithen  :i|^iin  su^^^-stMl  <"ompri-rvsf»|  air 
for  driving  l(M'omotive-s.  In  l.SH,  ( 'oli;;ny  l>rin;js  the  hydraulie  mm 
into  play  for  air  eoiupri'ssin^ ;  and,  in  the  same  ywir,  Parx-y  patents 
its  applieatioM  for  projK'Uint;  carriaj^e.-. 

*'  In  is  17,  \'oM  liatlun  intiMnhux's  tlu'  list-  of  wat«r  tor  the  pur|Mje« 
of  ahsorhiiiji;  the  heat  of  eomprcstjion.  In  1802,  Colladon  iKiteiiLs  its 
application  tor  «lrivin^  ma<'hine  drills  in  tunnels,  at  pre>eiit  one  »>f  its 
must  impurtunt  appIic:itions. 

"  In  l85.'{,  Sunmeiller  invente<l  hydraulic  compn'ssion,  or  rather 
the  use  of  lar^e  moving  ImhUis.  of  water  a.s  an  adjunct  to  a  suitahle 
tr.ivelini;  piston. 

"  In  is.').";  also,  .Vndersoii  pateiititl  tin-  injet-tion  of  i-ohi  water  into 
the  cylinder  ot'  the  coinpri-ssing  pum|i. 

"  In  the  sime  year,  I'iatti  pro|>os4><|  cniupri-.-wMtl  air  :is  a  iii«itivi.  lonv 
for  HK-k  drills  in  the  Mont  C'enis  tunnel  ;  an«i,  the  y«»r  tollowin^, 
I'arsey  made  the  im|M)rtaut  step  of  putting  the  valvi^  in  the  end  of 
the  cylinder.  In  IStjj.nK-k  drills,  driven  l»y  c«tmpress<t|  air,  were 
at  work  in  the  M»»nt  Cenis  tunnel. 

"In  18(J.*{,  Stewart  tt  Kershaw  made  a  horizontal  cylinder  fillwl 
with  water  and  attacheil  to  two  upright  air  vessels,  in  wiiieh,  alter- 
nately, the  air  was  (•ompr(Sv<<il. 

"In  18(>4,  (  ou^dilin  luin).r>j  out  stage-pumping,  with  intermediate 
air-vessels  to  give  nyularity  of  pressun> ;   hut  strangely  enough  s«vms 
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not  to  have  seen  the  still  greater  advantage  these  intermediate  air- 
vessels  would  give  in  cooling  the  compressed  fluid. 

"  In  1866,  air  compressors  were  at  work  in  our  own  Hoosac  tunnel, 
horizontal  pumps  being  employed.  In  the  next  year,  vertical  pumps 
were  substituted. 

"  In  1867,  Doane,  in  this  country,  constructed  a  horizontal  single- 
acting  crank  compressor,  placing  inlet  valves  in  the  piston-head,  the 
discharge  valves  occupying  the  whole  space  across  the  cylinder-head, 
and  being  closed  by  a  spring. 

"  In  1869,  Marchant  proposed  to  use  compressed  air  with  water  for 
the  purpose  of  making  steam  and  to  reheat  the  air,  with  some  wild 
idea  of  increasing  power. 

"In  1873,  Sturgeon  brought  out  a  high-speed  compressor  vvitii 
steam  and  air  cylinders,  one  each  side  of  a  receiver,  and  having  a 
crank  shaft  with  a  fly-wheel ;  the  cranks  being  quartered,  in  order 
that  the  greatest  pressure  of  the  steam  may  be  exerted  at  the  time  of 
the  greatest  resistance  of  the  air  in  the  cylinder, 

"In  1874,  William  Johnston,  now  of  our  own  city,  proposed  a 
series  of  concentric  cylinders  revolving  uj)on  a  fixed  axis  and  having 
the  lower  halves  filled  with  water,  the  face  of  which  served  as  the 
bottom  of  the  pump  ;  and  in  this  machine,  as  in  the  later  modifica- 
tions Thereof,  stage  [)umping  was  employed. 

"  In  the  earliest  Burleigh  compressor  the  cranks  were  quartered  and 
the  air  cylinder  vertical,  in  order  that  the  valves  might  shut  by  their 
own  weight.  Cooling  is  effected  by  a  water  jet;  the  valves  were  cir- 
cular ])lates ;  the  steam  piston,  at  first  horizontal,  is  made  vertical, 
and  now  the  air  cylinders  are  closed  at  the  bottom  and  a  more  economi- 
cal type  of  engine  employed. 

"  Compressors  are  known  as  either  wet  or  dry,  according  as  water  is 
or  is  not  employed  in  the  cylinder  for  lubricating  and  cooling.  Diy 
compressors  had  at  first  the  disadvantage  that  the  valve  could  not  be 
kept  tight,  and  that  the  valve  stems  broke  from  constant  slamming. 
These  troubles  are  now  avoided  by  the  employment  of  rubber  discs 
for  valve  faces  and  cushions. 

"  The  well-known  Dubois-Francois  tyjje  of  compressor  is  horizon- 
tal and  employs  a  large  body  of  water  set  in  motion  by  a  recij)rocating 
piston,  there  being  a  large  inclined  inlet  flap  valve  at  each  end  of  the 
cylindei-  ;uid  a  large  vertical  poppet  valve,  for  discharge,  above  each 
end. 
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"  l  lie  Iiij^i.T.soll  (•(  (111  I  in  •rvHur,  iLx  iiuw  iiiatlc,  i.-  vt-riical  jiimI  with  fmssi- 
huuln  and  ^iiiilcs  aixl  ailjiiHUiblc  rut-otl'  engine,  tlli^  hist  t'cuture 
incresisin^  its  <*a|»a«'ily  'Jo  |M'r  <'<-iil.  an«i  siviii^  "Jo  jut  <t?iit.  oj'  I'lirl. 
Tlu!  trnmk  is  Jor^JMl  «»1"  iron.  This  roinpn'S'Mir  ha«*  oik;  steam  uiid  one 
donbh'-actiiij;  air  cyliiKhr,  horizontal  an<l  -i^h-  hy  sitle  («i«  h  <yliiuler 
having  its  own  U-d)  and  the  two  rigidly  holtj-il  t<»^'ther.  Thf  inlet 
uir  valve  has  a  .sli«l«'  valvf  clits^-d  with  ^prinp^and  niovtil  l»y  an  »M-»vn- 
tric  on  the  main  shaft  and  is  lialaiu'«H|  |»y  Icttinjx  the  jmrs^nn-  iVoin 
the  di.seharjif  pipe  into  the  valvr  ixtx  ;  thr  valv«"s  an-  «liM-liar^«'  \m>\*- 
p«'t>  arran;;rd  upon  the  top  of  tin-  cylindi-r  n|K»n  esirh  rnd. 

"In  the  (lay  ton  long-stroke  dnplex  com  presM»r  there  is  a  water 
jarkci  <oin|>h'tely  eneirelinj;  the  ends  fii-st  and  dis4-harging  at  tlu*  top, 
the  ohjeet.s  li<!in|;  to  e<M»|  the  eylin<lers  mo^t  when-  they  are  m<K«t 
heated  and  to  insure  the  jaek«'ts  alwav>  U-in)^  full.  The  <lis<-harj;e 
valveH  are  li("te<l  l»y  a<ljustaide  drop,  letting  the  air  »*i4-ji|h*  as  >4Min  a-  it 
has  reaeluNi  the  working  pressure,  instead  ot'  turther  e«>mpn'ssing  it. 
The  eylin<h'r  is  supplietl  with  water  or  liil»rie:int  at  nuh  -trok*-,  and 
ordy  when  working.  The  yoke  is  <-on.-«truet«'<l  -<•  that  tin-  wi-ar  «-:in  lie 
taken  up  in  the  itjoek  and  in  the  slide>  at  the  sime  time.  There  i^un 
air  governor  whi«h  keeps  the  pressinn-  ivgidar.  I'he  -netion  valves 
opening  into  the  air  eylinders  have  silety  stem>,  jneventing  the  valve 
from  falling  into  the  <ylin«h'r,  or  other  accidents,  if  the  ^tt-nj  l>re:iks 
or  tile  nut  I'omes  otl". 

"In  the  new  liiind  horizontal  dry  compreNS4»r  the  stt-iim  <vlinder 
has  poppet  valves  and  variaMe  automati<-  eut-otV;  tlu-  »-ylind«-r>  are 
Hide  by  side,  Koited  t<»  the  Ninie  ImiI  plate;  «-r:ink  «piart«-re«l.  Then-  i> 
water  eireidation  through  jtiston  and  evlinder  heads  an«l  ar<>iuid  the 
<-ylinder,  the  <-ylinder  having  thre«-  shells,  t'ornting  two  anntdar  •^pjiix'S 
arouml  the  working  cylin<ler.  The  outer  >patv  i.s  for  the  air  after 
compression,  an«l  the  middle  one  for  water  circulation.  The  air  Uuik 
receives  air  at  om-  end  and  the  dis4-harge  i>  through  a  siit'efv  v  iN.  ;»l 
the  otiter. 

"In  the  Norwalk  high  '•\h'v\{  compix-sNM*  air  i.x  always  taken  truni 
the  outside  ot"  the  engim-  nnun.  to  insuiv  its  ln-ing  cool  ;  incrt-a<«'  of 
cjipacity  an<l  i-c^inomy  of"  tiiel  U-ing  claimed  for  thi>.  The  valvi>s  are 
drop  forge«|  ;  the  oil  cup  drop>  oil  through  a  wick.  untU-r  pres'^ure ; 
cond>ined  air  «-ylinders  are  emplovetl,  there  U-ing  a  pijH- oNiler  lM'tw««<Mi 
the  eylindei"s;   there  i-  an  air  governor  and  an  atlai-hment  lor  eh:ir::ing 
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mine  locomotiv^es,  etc.,  by  wliich  an  auxiliaiy  compressor  is  tlirown 
into  action  when  desired.  The  low  pressure  cylinder  will  have  say 
100  square  inches  of  area,  and  the  high  pressure  334,  and  the  air 
crowded  from  the  large  into  the  small  cylinder  becomes  compressed  to 
30  pounds  per  square  inch,  the  resistance  being  66|  times  30,  equal 
1999  pounds,  and  ends  at  100,  the  resistance  being  33|^  times  100, 
equal  3333,  at  the  same  time  there  being  a  compression,  as  before,  with 
1999  pounds  work  done,  or  a  total  of  5333,  instead  of  10,000,  as 
would  be  the  case  with  the  sino-le  laro-e  cylinder.  Bv  havino-  all  on 
one  heavy  cross  head,  the  momentum  stored  up  is  given  out  when  the 
the  steam  gets  weak.  The  air  discharge  valves  in  a  single  cylinder 
compressor  have  the  full  receiver  pressure  more  than  half  of  eacli 
revolution.  In  the  compound  the  heavy  pressure  is  upon  small  valves 
only.  To  lessen  the  eifect  of  clearance  there  are  two  ways  of  doing ; 
the  stroke  may  be  made  long  and  the  piston  run  close,  which  is  expen- 
sive, and  requires  careful  Avatching  or  the  space  may  be  filled  with 
"vvater,  which  prevents  high  speed,  as  the  water  gets  churned  to  a  foam, 
besides  making  ice  in  the  exhaust  of  the  drills  or  other  machine  using 
the  air.  The  water  jacket  has  not  time  to  fully  cool  the  air,  even  if  it 
were  not  rapidly  covered  by  the  advancing  piston;  but  it  is  a  valuable 
auxiliary. 

"  In  the  patent  granted  to  Mr.  W.  P.  Tatham,  the  President  of  this 
Institute,  there  is  a  steam  and  an  air  j^iston,  each  reciprocating  in  a 
cylinder,  and  a  double  armed  rock  shaft,  connected  with  the  steam  and 
air  piston  rods,  these  members  being  combined  for  joint  operations  to 
compress  air  under  a  decreasing  leverage  of  the  air  piston  arm,  and  a 
correspondingly  increasing  leverage  of  the  steam  piston  arm. 

"  In  the  indicator  card  of  an  air  cylinder  shown,  the  discharge 
valves  are  lifted  automatically,  but  there  is  a  heavy  loss  caused  by  the 
absence  of  water  from  the  cylinder  as  the  compressed  air  not  dis- 
charged at  the  end  of  the  stroke  follows  the  piston  back  about  one- 
fifth  of  the  stroke.  The  card  of  the  steam  end  of  the  Clayton  com- 
pressor is  taken  at  90  revolutions,  70  pounds  boiler  pressure  cutting 
off  at  52  })er  cent.,  and  giving  an  air  pressure  of  100  pounds. 

"As  far*  as  possible,  a  good  compressor  should  be  simple  in  con- 
struction, have  large  valve  area,  be  light  running,  compress  at  low 
temperature,  have  little  wear  and  tear  of  working  parts,  be  cheap  in 
first  cost,  economical  in  use  of  steam  or  other  power  and  of  cooling 
water ;  be  compact,  need  light  foundations  and  be  free  from  breakage. 
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It  \h  ill  iii<*nt  i-nr<->  \v«-ll  that   tli«-    liiif^  of  inotinii   xlioiiM   lie   tlic  m.'UIii 
and  tin?  cIcaniiH"*'  sjmkv  Hinall." 

Mr.  n«Miiv  M.  Kiiapp  iiia*lf  >*»tne  rciimrk.'^  on  **  Kn^inwrinnj  Kit»»p» 
oil  Kivt'i>  and  IIarlM»iN,"  iilii.><trati-<l  l»v  map'*  and  ^lin^;ranl•^.  Tliv  .-til*- 
jc«'t  j^ive  ri.H.'  to  coiifiiih-niKIr  dis<-us»ion,  in  whirli  M^-v^p-.  \^»f^•nl, 
C'artwri^lit  and  liil^iani  took  part. 

Tlu'  S*cr»'tary'>  r<'|>ort  inrlud*-*!  an  a«f*»niit  of  Cliiri  I 
Altrl's  \\'at«'r  ( iaiij;*-  for  Marine  lioili-r^.  .\-  a  v**!v-<-|  at  x*-:!  •' 
always  roinain  on  an  wen  kifl,  tin-  ordinary  \vat«'r  pin^  do«  not 
>lio\v  iHH'uniti.'ly  tlic  licijrlit  of  \vat»r  in  tin-  l»oi|«'r<,  and  llii*  lia«  to  In.* 
«'stiinat«><l  l)y  tlic  "water  tomhr."  In  lii>  anxiety  to  ki-4p -iinirifiit 
water  over  the  otitlMiard  hi*ntin^  siirfa<v  he  i.-*  verv  apt  to  <-:irrN*  the 
wat«T  too  hi>;h,  thn>  (■:tusin^  the  iNiilers  to  fosiin  and  «-arrv  water  over 
into  the  «'ylindrrs  of'  the  eiijjines.  To  jrive  the  water  tender  a  true 
iruide  to  the  hei;;ht  of  wat«r  in  the  Ujiler  when  theShip  U.i"  Ih-«-I«-«I 
over,  Knj^ineer  AImI  provides  the  Iniiler  with  the  onlinarv  >;la*\-«  water 
j^in^re,  and  also  with  a  n»s<'rvoir  of  iflyivrine  ouwhiIiiI  with  a  tiiU'  of 
iiiikIi  smaller  diameter  set  mnir  the  water  ^^lup-.  The  nxTVoir  is 
fill<-<l  with  glycerine  or  other  snitalile  fluid  to  the  heitriit  it  Im  (lo»irv<l 
to  keep  the  water  over  the  highest  heatiiii;  snrt'ae*'.  W'hetj  the  •.hip 
heels  over  the  ri's<'rv()ir  is  (-{irrietl  up  with  the  lioilers  on  the  we:iiher 
side.  The  area  of  the  eroes-seetion  of  the  res«'rvoir  U'inj;  so  niiirji 
•greater  than  that  of  its  tul»e  extension,  the  level  of  the  fluid  in  the 
reservoir  will  remain  pnieti«-.illy  constant  at  the  hi^lie>t  heating  sur- 
faee,  while  tli(>  height  of  the  li«piid  in  the  tuU-,  U-in^  on  a  level  there- 
with, will  furnish  a  ^Miide  for  tin-  height  of  water  to  Im*  maintainMJ  in 
the  ijlass  water-piuj^e.  The  devie«»  i>  simple,  and  nin  U-  applie«l  to 
lioijri-s  furnished  with  the  onlinarv  jrsiu^-s. 

Ml.  W  in.  S.  .ViK'hineloss  exhiluteil  a  <*urious  aveni^in^  ma(*hine.  or 
l>i>nk-kee|K'r's  a.s.«.istant.  It  was  de>i^n«i|  for  um*  in  aveni^injj  tlati-?*  of 
piireh.ix-  of  s|HM»ls  of  eotton,  hut  oiu  he  appliiij  to  mauv  other  pnr- 
poMv.  It  eon.sisLs  of  a  ^nM)vnl  platform,  l»:dan<«e«l  l»v  a  st-sde  U-ani 
and  pan.  The  weijfhts  In-jir  to  meh  other  the  ratio  of  tme  to  ten  aikl 
oiH  to  one  huiM!re<l.  There  are  thirty-one  ^n»ove>  in  t'  ' 
repre.«jentin^  days  of  the  month>,  and  thirtv-one  t<orr»-|H  - 
sions  on  the  .s<iile  l»eam.  N\  ei^rht.s  repreM>ntini;  the  amount  of  tin' 
purohases  are  put  in  the  i;r<M.ves  eorn->|M>ndin^  ti»  the  datis.  of  pur- 
ehasf'.  \u  exactly  itpial  loatl  i-*  put  in  the  p:u».  and  the  latter  i«  then 
-liifte«|    alouir   the   s<-:de   until    the   two    |Kirt*«  of  tile  ap|iiinitU'»  nrt>  in 
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equilibrium.  The  date  from  which  the  pan  is  .suspended  gives  the 
average  date  to  which  the  purchases  of  the  month  should  be  charged. 
The  inventor  claims  that  a  man  with  very  little  knowledge  of  accounts 
can  with  this  apparatus  average  one  hundred  accounts  per  hour.  The 
machine  can  be  employed  also  to  determine  many  other  problems  in 
proportion. 

V.  Quarr^  &  Co.  exhibited  Hink's  duplex  lamps,  which  have  a 
double  or  two  entirely  separate  flames,  fed  from  one  re-servoir  of  oil. 
They  are  .said  to  give  a  light  of  twenty-six  candles,  burning  one  quart 
of  oil  in  ten  houi*s.  They  have  a  mechanical  device  for  extinguishing 
the  light  without  blowing  it  out. 

Theodore  Bergner  exhibited  a  very  conveniently  arranged  upright 
drawing  board  and  stand,  to  be  used  in  making  large  mechanical  or 
architectural  drawings.  The  board  is  suspended  in  a  nearly  vertical 
position,  and  is  easily  adjusted.  It  is  provided  witii  a  blade  or  ruler, 
in  place  of  a  T  square,  guided  in  its  absolutely  parallel  movement  by 
simple  mechanism,  and  also  with  facilities  for  hiking  and  transferring 
mea.sur('S  and  for  keeping  all  required  instruments  within  ejisy  reach 
of  the  draughtsman. 

Dr.  Grimshaw  explained  a  valve  from  a  Wheelock  engine,  which 
showed  very  little  wear,  although  it  was  said  to  have  been  in  use  for 
six  years. 

Mr.  Washington  Jones  .said  that  the  valve  was  almost  precisely  like 
one  that  was  put  in  the  steamer  Adriatic  some  time  ago,  and  proved  a 
complete  failure; 

Dr.  Grimshaw  said  he  knew  nothing  of  the  Adriatic  valve.  As 
regards  tlie  wear  of  the  Wheelock  valve,  it  and  the  worn  Corliss 
valve  accompanying  it  were  sent  to  the  Institute  by  Mr.  Wheelock, 
with  the  endorsement  from  the  Lowell  Manufacturing  Company. 

Mr.  Bilgram  exhibited  an  ingenious  little  machine  for  making  wire 
staples  to  serve  as  loops  for  hanging  up  j)amphlets.  The  wire  is 
brought  together  in  looj)  form,  the  two  ends  are  twisted  together  and 
bent  into  shape  in  one  revolution  of  the  driving  wheel,  seven  opera- 
tions being  performed  by  four  cams  at  tlie  rate  of  sixty  staples  per 
minute. 

The  President  then  announced  the  Conunittec  to  .solicit  Subscrip- 
tions for  the  Building  Fund. 

There  being  no  further  business,  the  Institute  adjourned. 

Isaac  Norris.  M.D.,  Secretari/. 
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